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ORIGINAL ARTICLES. 

STRESSES AND STRAINS OF HOMEOSTASIS.* 

f ^ 

By Walter B. Cannon, 

GEORGE HIGGINSON PROFESSOR OF PHTSIOEOGY, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 

The extraordinarily unstable stuff of which our bodies are consti- 
tuted is persistently subjected to various external and internal con- 
ditions which, if not resisted, would profoundly alter its ability to 
function. Environmental temperatures extending from arctic cold 
to torrid heat, atmospheres ranging from the tenuous air of high 
mountain tops to the heavy and perilous murk of deep mines, 
sudden outputs of acid by the muscles as a consequence of strenuous 
labor, the losses of water and food reserves in thirst and starvation — 
all these contingencies occur to human beings in the natural course 
of experience, and though these hazards might well be expected to 
be damaging or fatal, ordinarily they are not; indeed, they may not 
prove to be even dangerous. 

How does it happen that we can be so remarkably safe from these 
accidents of existence? The answer to that question is found in an 
admirable feature of the organization of our bodies— the arrange- 
ment whereby all our living parts, both the gross and the minute, 
are intimately in contact with fluid, as if immersed in it — the rapidly 
flowing blood and the more slowly moving lymph. Everywhere 
inside the lifeless layer of skin which covers us, the organs and tis- 
sues'are set in a fluid viatrix. If we make a small opening in the skin, 
at once the fluid begins to exude or flow awa5^ This “internal 
environment,” as Claude Bernard called it, has developed as organ- 

, The NJYXIII Mary Scott Newbold Lecture of the College of Physicians of 
Philadelphia, November 7, 1934. 
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isms have developed; and with it there have been evolved remark- 
able physiologic devices which operate to keep it constant. 
Though the world outside us may be distressingly cold, though tlie 
heat and acid which arise from our own strenuous exertions may 
tend to become an overwhelming menace, we are not greatly dis- 
turbed, for our living parts touch only the body fluids which are 
maintained in an even and steady state. So long as this personal, 
individual sack of salty water, in which each one of us lives and 
moves and has his being, is protected from change, we are freed 
from serious peril. Because that protection is afforded by special 
physiologic agencies, I have suggested that the stable state of 
the fluid matrix be given the name homeosias^is. 

We shall gain insight into the ways in which homeostasis is main- 
tained if we consider for a few moments two general relations of the 
nervous system. In one relation, through its receptors (or sense 
organs) and through its control of skeletal muscles which move the 
bony levers of the body, the spinal cord and brain are concerned 
with the external environment. Thus we learn, and thus we move 
from place to place and strive to alter the world about us as we wish. 
In the other relation, through connections with internal organs— 
wdth the heart, the bloodvessels, the gastro-intestinal canal, the 
liver and other viscera— aia the autonomic nervous system, tlie 
spinal cord and brain are concerned especially with the internal 
emdronment. The autonomic system, as is well known, has three 
parts, the cranial, the sacral, and the thoraco-lumbar or sympathetic 
divisions. The sympathetic division discharges nerve impulses 
which accelerate the heart and contract or relax bloodvessels; which 
dilate bronchioles, set free sugar from stores in the liver, cause 
erection of hairs; and which stop the special functions of the digestive 
tract, discharge adrenin from the adrenal glands, and produce still 
other effects. Since the discharged adrenin is carried everj^vhere 
in the body by the blood, and since it has the same effects on the 
internal organs as the sympathetic impulses, the cooperation of the 
two agents may be regarded as constituting a sympatho-adrenal 
mechanism. 

It is a point of considerable importance that the sympatho- 
adrenal system, when strongly excited, appears to act as a unit. No 
matter what the stimulus, the effect is diffuse and extends through- 
out the body. The arrangement of nerve connections with sym- 
pathetic ganglia favors that sort of effect* and the indiscriminate 
distribution of adrenin by the blood stream supports it. This 
tendency of the sympatho-adrenal system to act as a whole explains 
the occasional appearance of inappropriate features in the total 
complex of the reaction, c. g., “gooseflesh” or the erection of hairs 
in fever and the increase of blood sugar during asphyxial states. 
In other circumstances these are useful features of the reaction, as 
when the hairs are erected in cold surrounrlings and sugar is dis- 
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charged from the liver if the glycemic level faUs._ The significance 
of this integrated response to a variety of stimuli will become evi- 
dent Ifl-tci* 

For the present I wish to try to make clear that it is the peculiar 
function of the sympatho-adrenal mechanism .to preserve and 
assure a homeostatic condition in the internal environment. In 
doing so I shall offer a few illustrations. 

When a normal warm-blooded animal is exposed to a cold atmos- 
phere heat begins to be lost from the body to the cooler surround- 
ings, and therefore the temperature of the internal environment 
might fall. If the animal is provided with hairs or feathers, however, 
they are erected in such manner as to enmesh a protective layer 
of poorlj’’ conducting air about the body and thus hinder the passage 
of heat outward. Also the surface bloodvessels are contracted, with 
the result that the warm blood from the interior of the body is less 
exposed to cooling. And furthermore, adrenin is secreted, and 
that acts to speed up the burning processes in the organism and 
thereby to produce more heat. Thus heat conservation and extra 
heat production are favored, which serve to keep the temperature 
even. Because of these arrangements for stable bodily temperature, 
warm-blooded animals are liberated from the limitations imposed 
during the winter season on cold-blooded animals, which are con- 
demne(| to hibernate in sluggish inactivity. The erection of hairs, 
the contraction of surface vessels, and the secretion of adrenin are 
all consequences of action of the sjunpatho-adrenal apparatus. If 
the sympathetic division of the autonomic system is removed sur- 
gieally, the animals thus operated upon become obviously defective 
when exposed to cold. There is no adaptive check on heat loss from 
the body because hairs cannot be erected, nor can surface vessels 
be constricted. Also heat production cannot be accelerated by 
adrenin because the nerves evoking that remarkable hormone are 
absent. The behavior of sympathectomized animals in cold weather 
is in accord with this lack of physiologic efficiency. During the 
winter they live almost continuously in the neighborhood of sources 
of heat. If placed in a cold room, so cold that water nearly freezes, 
we have found” that they undergo a rapid drop of bodily tempera- 
ture sometimes as much as 4° or 5° F. — which occurs although there 
may be vigorous shivering. Indeed, shivering— which is, of course, 
muscular activity accompanied (like all such activity) by heat 
production— is the only resource except exercise that is left to pre- 
vent sympathectomized animals from suffering a serious fall of 
body temperature. Note that the feature which is lacking in such en- 
dangered animals is the service of the sympatho-adrenal mechanism. 

Another external condition to which organisms may be subjected 
is that of a lessened oxygen supply. Mountain climbers, and aviators 
who fly at great altitude, have to make adjustments to that cir- 
cumstance, because the higher they go, the lower is the oxygen 
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pressure and therefore the smaller is the oxygenj^load which the red 
blood corpuscles carry away from the lungs to *1110 remote cells of 
the organism. The problem is that of getting enough oxygen to 
burn the non-volatile acid which is constantly being produced by 
these cells. Should the blood, which is mildly alkaline, become acid, 
even to a slight degree, coma supervenes, and often death. If 
oxygen is adequately supplied, however, the non-volatile acid is 
burned to volatile carbonic acid and, since that is readily breathed 
away, the hazards of a severe acidosis are obviated. Clearly the 
way of avoidance of those hazards is through an adequate oxygen 
delivery to the tissues, where non-volatile acid is being made. 
Adjustments which work toward that end occur in the heart, blood- 
vessels and spleen. The heart is made to beat more rapidly and the 
bloodvessels are constricted in certain parts of the body, with the 
consequence that arterial blood pressure is raised; and under the 
higher head of arterial pressure the flow of blood is more rapid, 
i. e., the number of trips made by the corpuscular carriers of oxj^gen 
from lungs to active tissues is increased. And, as a matter of special 
importance, the brain, which is peculiarly sensitive to lack of oxygen, 
and the heart, which needs oxygen continuously because it must be 
continuouslj'' active, are assured most favorable conditions because 
their bloodvessels are either not narrowed or are actually enlarged. 
Simultaneously, by' contraction of the spleen, extra corpuscles are 
forced from storage in that organ out into the general circulation. 
Thereby, not only are the corpuscles more actively employed as 
conveyors of o.xygen, but more corpuscles are called forth into 
active employment. Now the faster heart beat and the vascular 
constriction and the squeezing of the spleen are all results of sym- 
patho-adrenal function. In sympathectomized animals, of course, 
these adjustments cannot take place. In our laboratory, in fact. 
Sawyer and Schlossberg^ have found that whereas normal animals 
exposed to a low percentage of oxygen in the air (6%, for example) 
wall endure the ordeal for at least an hour with no obvious indications 
of discomfort other than rapid breathing, sympathectomized animals 
faint and collapse in unconsciousness vdthin a relatively short time— . 
varying from 14 to 38 minutes. This sjunpatho-adrenal mechanism 
is clearly of the utmost value in keeping the fluid matrix from 
developing a dangerous acid reaction. 

Not only does the sympatho-adrenal system protect against such 
perils as cold and low oxygen pressure, which affect the organism 
from the external world, it also protects against possible harm 
which might come from internal changes. A few illustrations will 
help to make that point clear. 

Prolonged muscular activity— as, for example, cross-country 
running— uses the reserves of sugar in the body, and maj" actually 
empty the liver of its stored glycogen. The total amount of sugar 
in the blood at any time is little more than a teaspoonful, and yet 
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when great and powerful muscles are engaged in hard labor their 
requirements and the requirements of the nerve cells must be met 
from this scanty, supply. The dose must be constantly renewed. 
For if the sugar level in the blood falls to approximately half the 
usual percentage, convulsions result; and if the reduction is not 
checked, coma and death follow. These facts were discovered by 
studying the phenomena which occur when the liver is removed 
and the organism is thereby deprived of its greatest sugar deposit.'* 
The}’' can be illustrated also by giving insulin, which, if present in 
excess, may gravely reduce the blood-sugar percentage. When, 
by an injection of insulin, the sugar concentration has been lowered 
about one-third of the usual percentage, a so-called "hypoglycemic, 
reaction” appears, characterized by pallor, rapid pulse, dilated 
pupils, profuse sweating, and other effects, indicating that the 
sjunpatho-adrenal system is active. This system, as previously 
stated, is able to liberate sugar into the blood from the hepatic 
storehouse. And it may set free so much that, if the dose of insulin 
has not been overwhelming, the danger of con'vulsion is passed, and 
then the sympatho-adrenal system subsides into inactivity. The 
prime value of this arrangement can be readily shown in animals 
from Avhieh the sympathetic chains have been removed or in which 
the adrenal glands have been rendered inactive. Such animals have 
no effective means of increasing the blood sugar when it is reduced by 
insulin, and in consequence are extremely sensitive to the action 
of that substance. In studies of homeostatic regulation, Sawyer 
and Schlossberg® found that a dose of insulin which produces no 
noteworthy disturbance in normal animals occasions in sympathec- 
tomized animals marked symptoms, commonly attended by a con- 
vulsive attack and sometimes by collapse. 

In considering the phj’siologic adaptations made when the oxygen 
pressure in the air is low, I mentioned incidentally the fact that some 
organs more than others in the body are affected by lack of oxj’gen. 
The brain, for instance, is much more sensitive to that condition 
than are the muscles; indeed, there are cells in the brain which are 
fatally injured if they are deprived of ox}’gen for even a few’ minutes, 
w’hereas smooth muscle can go w’ithout it for hours and still survive. 
The ever-active heart, also, has special need for a continuous oxygen 
delivery. The preservation of a relatively constant flow of blood 
to these essential organs is one of the most important homeostatic 
functions. It is assured by a fairly steady arterial blood pressure. 
When, because of reduced blood volume, the pressure is lowered to 
about 70 mm. of mercury, the supply of oxj’gen becomes insufflcient 
for bodily requirements and then sensitive tissues begin to be injured. 
If, however, a sharp hemorrhage induces a drop of pressure to such 
a degree, a protective mechanism is brought into action, w’hich, 
up to a certain point, is able to compensate for the lost blood by 
raising arterial pressure. Indeed, a considerable percentage of the 
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total blood volume may be removed and yet the pressure is soon 
restored to nearly its normal level. That this immediate effect is 
due to constriction of the bloodvessels, so that their capacity is 
made to fit the lessened quantity of their content, and is not due 
to an inflow of fluid from the tissues, is proved by noting that the 
blood is not diluted. It has long been known .that the sympatho- 
adrenal apparatus is an important agent in this compensatory 
process. It is not only concerned with maintaining an effective 
head of pressure after hemorrhage— by reducing the size of the 
arteries and veins and speeding up the heart rate— but also it helps 
the situation further by contracting the spleen, as it does when the 
external oxygen supply is menaced, and thereby presses extra red 
corpuscles into service. A quantitative comparison of the ability 
of normal and sympathectomized animals to meet the test of hemor- 
rhage, which was made by my collaborators, Schlossberg and Saw- 
yer,® demonstrates vividlj’ the essential role of the sympatho- 
adrenal mechanism in the critical state induced by a considerable 
bleeding. If the blood is removed in three or four steps, separated 
only by enough time to permit recovery of pressure, as much as 
45% of the estimated blood volume can be removed before the 
compensating mechanism fails to be effective. In sympathectom- 
ized animals, on the other hand, the compensatory reaction to a 
single removal of 13 to 15% of the blood volume is in some instances 
strikingly absent and in other instances uselessly slight. Again we 
note the value of the sympatho-adrenal agency as a protector of 
homeostasis, homeostasis as a condition for the functioning of 
essential organs, the heart and the brain. 

In the various examples of homeostatic adjustments which I 
have cited, certain internal or external conditions have been de- 
scribed which have tended to disturb the steady state of the fluid 
matrix; and the corrective processes have been indicated which 
haim maintained the fluid matrix on its even course. We have 
seen that evidence points to the sympatho-adrenal system as the 
chief agency in resisting alterations of our internal environment, 
for when that system is not functioning the same stresses— cold, 
lack of oxj’^gen, low blood sugar, loss of blood— which had no con- 
siderable influence on normal animals, became ominous for continued 
existence. In other words, sympathectomy changed the animals 
so that a stress which previously had been readily endured, after- 
ward produced a breaking strain. It is clear, however, that by 
increasing the stress— by applying greater cold, by still further 
lowering the oxj'gen in the air, by reducing blood sugar to a greater 
degree, or by withdrawing more blood— the strain on the organism 
may become too great, even though the compensatory sympatho- 
adrenal apparatus is working to its utmost. Then the fluid matrix 
becomes altered. My colleague, R. G. Hoskins," lias suggested 
that it would be of interest and within the realm of possibility to 
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express the general “vitality” of an individual in terms of a homeo- 
static index”— an expression which would state the measured ability 
to react, without disturbance of the fluid matrix, to a group of 
standard stresses which might readily disturb it. The chance of 
gaining insight into the strength and endurance of stabilizing 
factors of the organism, and thus into its ability to resist the opera- 
tion of disturbing forces, makes it worth while to enquire where the 
limits lie beyond which stresses overwhelm these corrective factors 
and significantly alter the steady state of the internal environment. 
I have used the expression “significantly alter,” because it is clear 
that in any case the signal for bringing the corrective factors into 
play is some alteration. Indeed, as Richet* long ago remarked, our 
bodies maintain their stability because they are variable ! The point 
at which the stability is “significantly altered” should be defined. 
Perhaps, as a tentative definition, we may say that it is where the 
alteration becomes so great as to cause secondary, irrelevant effects 
and therefore lessens the efficiency of the organism. With that 
definition in mind, let us consider stresses which may place upon 
the protective agencies an excessive strain. 

Before turning to conditions in the fully grown individual, it is 
well to recognize that the mechanisms which maintain uniformity 
in his fluid matrix are, in some respects, certainly not well developed 
in the newborn. There has been no need for them. The fetus is 
surrounded by a fluid external environment which does not differ 
greatly from the fluid internal environment. When born the baby 
is delivered precipitately from his liquid surroundings into surround- 
ings which are utterly fresh and foreign. The new environment is 
gaseous instead of liquid; it is cold, it is noisy and brilliant and rough; 
a gasp fills the lungs with a thin, dry air and then water begins to 
be lost from the body with every breath. As Stanley Hall remarked, 
“At birth the child is cast like a shipvuecked mariner by angry 
waves on a strange and unknown coast and finds himself in a new and 
rigorous climate.” Profound readjustments must be made, and 
they take time. With respect to temperature control, for example, 
the human infant is much less stably organized than is the adult. 
Not only do infants have a larger relative surface through which 
to_ lose heat to the outer world, but they are less quick and less 
effective in the reactions which preserve the normal state when 
the surrounding temperature varies. In consequence there may be 
sharp drops in the body temperature on exposure to moderate cold. 
In one case careful observations revealed that the rectal temperature 
during the early hours after birth varied from 95.4° to 98.6° R, 
the lowest point being reached after a bath in water at 102° when 
the room was at /'I Contrast this mild stress with that experi- 
enced in a cold bath, which may actually cause in the adult a slight 
rise of body temperature because of overcompensation. 

Recent observations'o have indicated also that the regulation of 
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blood sugar isjnot perfected in the newborn. The baby’s blood- 
sugar content may be as low as 70 or 45 mg.%, and it oscillates 
from day to day and even from hour to hour much more than that 
of the adult. 

The way in which these regulatory mechanisms become gradually 
more effective in keeping steady the conditions in the fluid matrix is 
not understood. Mere exercise of the stabilizing process may result 
in the stability of later years, or it may be a consequence of the 
natural processes of growth and development. The existence of some 
defects in infants, however, indicates that others may be present 
that have been overlooked. Is the water content of the blood pre- 
served as well in childhood as in the full-grown? Is the calcium and 
phosphorus relation maintained evenly in the early years when 
rickets is likely to appear? These and many other questions 
which call for answer indicate that the development of various 
corrective controls of the internal environment presents a largely 
neglected field of research. We need information in that field in 
order to judge more fairly the status of the growing child and to 
predict more reasonably what may be expected as time passes. 

In later years the homeostatic regulators, repeatedly exercised 
and put to test, have a high degree of efficiency. And yet there are 
limitations to their ability to preserve a steady state in the fluid 
matrix. And that ability may well vary under different general 
conditions, during the normal and pathologic ups and downs of 
existence in an ordinary life cycle- Information on many of these 
points is not yet at hand; indeed, one of the objects of this lecture 
is to indicate where more knowledge is needed. It will be pertinent, 
therefore, to survey some of the stresses of homeostasis to which 
we are not uncommonly subjected, in order to learn how well the 
organism meets them and how much strain is imposed. 

Perhaps the best approach to the problem which is before us is by 
way of considering what happens when we engage in prolonged and 
vigorous physical struggle. In various ways it tends to distmb the 
constancy of the fluid matrix. First, such struggle is accompanied by 
a large output of heat from the laboring muscles. The e.xtra heat, 
if allowed to accumulate in the blood, would raise the body tempera- 
ture to a disastrous degree. By action of the sympatho-adrenal 
system, however, sweating is stimulated, and more blood is sent 
through surface vessels which are cooled by evaporation of the 
sweat, and thus extra heat is eliminated. Again, as we have seen, 
a lasting muscular effort uses blood sugar, and the danger of hypo- 
glycemia is avoided by sympatho-adrenal mobilization of sugar 
from its seclusion in the liver. And furthermore, there is danger from 
the development of non-Amlatile acid metabolites, especially lactic 
acid, which, if not burned to volatile carbonic acid and eliminated, 
may cause a markedly defective functionmg of the very muscles 
wliich are active. As we have noted, through the agency of the 
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sympatho-adrenal system the heart is accelerated, the arterial 
pressure is raised, the spleen is constricted, and the red blood cor- 
puscles, augmented in numbers, are sent at a faster pace to perform 
their task of conveying the needed oxygen. Now, we may engage 
in such a degree of muscular exercise that heat and acid are produced, 
and sugar is used, without affecting to a noteworthy degree the 
usual steady state of the fluid matrix. Or the exercise may be such 
as to raise the body temperature, shift the reaction of the blood 
markedly in the acid direction, and reduce the sugar percentage 
to a low level. It is when the temperature is elevated, let us say 
a degree or two F.; or when the oxygen delivery is not sufficient to 
burn the lactic acid at the rate of its production so that a note- 
worthy “oxygen-debt” is induced; or when the blood sugar is 
brought below, say, 70 mg. %— in spite of the protective mechanisms 
worffing, in each instance, to oppose the change — that the stress 
might be regarded as becoming excessive or critical, i. e., inducing 
a breaking strain in the homeostatic mechanisms. 

Exercise is clearly too complex and awkward a method of measur- 
ing the critical stress. Exposure to a standard high temperature in 
an atmosphere of standard humidity until the heat regulatory 
mechanism fails and the body temperature rises to a standard 
extent; or giving a standard dose of insulin and noting whether and 
when it overwhelms the compensatory reactions and produces signs 
of hypoglycemia; or breathing air which has a standard low oxygen 
content until adjustments of the respiration and circulation prove 
inadequate and indefinite symptoms of oxj^gen want appear— such 
would be relatively simple ways, of learning the critical stresses of 
these distorting factors. I have put the suggestions in tentative 
form because experience might alter the methods— indeed, prob- 
ably xvould alter the methods, which could be applied in measuring 
the critical stresses. 

When we consider the fundamental importance of constancy in 
the fluid matrix of the body— how elaborate the physiologic devices 
for protecting it, how serviceable it is in liberating us from being 
subjected to external and internal conditions which would be disas- 
trous, and how widespread the damaging effects when the constancy 
fails— when we consider these matters, we see the value of finding 
a reliable method to determine how efficient the protective devices 
are. Such a method would not only test the responsiveness of the 
sjonpatho-adrenal system as a regulator of the internal environment, 
but wodd also indicate the ability of the organs which are called 
into action by that sj^stem to play their role in the regulatory proc- 
ess. And it might be especially valuable in giving us information 
regarding habits and practices w'hich alter, favorably or unfavor- 
ably, the homeostatic mechanisms. 

Unfortunately, no intentional effort seems to have been dhected 
toward the invention of means of measuring the critical stress which 
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various conditions might place upon the regulators of homeostasis. 
I have already suggested (see p. 9) exposure to insulin hj-po- 
glycemia, humid heat and low oxj>'gen tension as possible ways 
of discovering the limits of the homeostatic regulators. Of these, 
insulin hypoglycemia seems least likely to be useful. The test 
would probably vary greatly with the nutritive state of the subject; 
the secondary effects— sweating and hunger, for example— would 
be partly subjective and would require considerable time for their 
development; and the analyses of blood sugar would be rather com- 
plicated and slow. Exposure to humid heat might likewise be diffi- 
cult, because a special room or chamber, capable of being warmed 
and moistened to a standard degree, is necessary in order to make 
the test accurate. Of the three methods which have been mentioned 
the breathing of air containing a measured low percentage of oxygen 
appears to be the most readily applied. Because the sympatho- 
adrenal mechanism, as previously noted, works as a unit when 
strongly stimulated, a variety of tests is not demanded— o?}c which 
is reliable is sufficient. And already experience has proved the 
possibility of using anoxemia as a measm-e of the adaptive adjust- 
ments of the organism, with objective indicators of the secondary 
disturbance when the stress becomes too great. Perhaps the 
greatest advantage of this means of evaluating the effectiveness 
of the preservers of constancy lies in the natiue of the secondary 
disturbances; they are effects on the central nervous system, and 
consist in lessened ability to perform certain routine tasks. Since 
no system in the body is so sensitive as the brain to lack of oxj’’gen, 
the anoxemia test is associated with an extraordinarily delicate 
indicator of the critical stress. 

In principle, two ways of employing a method might be used to 
assay homeostatic efficiency. First, a standard severe stress, slightly 
more than that commonly endured, could be applied, and a study 
then made of the time which passes before a critical strain is reached. 
We may call this the method affixed stress. Or the stress could be 
gradually increased until a critical or breaking strain is revealed, 
when the degree of the stress could be measured. This would be 
the method of variable stress. By either way it would be important 
to note not only the action of the sympatho-adrenal system as a 
coordinating agency, but also the action of the effector organs by 
which that system performs its functions. Onlj’- thus would one 
obtain ei'idence of where the weakness lies. 

It has been interesting to find that both phases of the method of 
testing homeostasis by lack of oxj'-gen were applied by a group of 
investigators who, during the World War, were charged with the 
problem of devising means for determining the physical fitness of 
pilots and the conditions which affect the abilitj'’ of pilots to fly 
at high altitudes. A 'fiSIanual of the Medical Research Labora- 
tory”” reports in detail the two ways of testing. The subject 
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was placed in a chamber in which the oxygen pressure was set at a 
low level (the method of fixed stress), or he had to rebreathe a certain 
volume of air (from which the carbon dioxid was continuously 
absorbed) vmtil the oxygen pressure was more or less reduced (the 
method of variable stress). The latter proved the simpler and the 
more commonly useful means of making the examination. The 
subject, as a rule, did not experience any discomfort; indeed, he was 
usually quite unaware that the low oxygen tension had produced 
any change in his physical state, although by his responses he may 
have shown remarkable secondary effects on his nervous system. 

During the period of rebreathing the secondary effects were deter- 
mined by observers Avho recorded carefully and frequently the 
respiration, the pulse rate, the systolic and diastolic arterial pres- 
sures, as well as the performance of set tasks which demanded close 
attention and coordinated voluntary acts. '\Vlien the subject’s 
diastolic pressure fell sharply, or his heart, which had been accelerat- 
ing, began to beat more slowly, or he lost consciousness as revealed 
by total failure to paj'’ attention to his tasks or by fainting, the 
rebreathing was stopped. By analysis of the air from which he had 
been taking oxj^gen it was possible to estimate the altitude equiva- 
lent to the oxygen percentage which had proved too low for his 
compensatory reactions. Thus, with 21% oxj’’gen at the start 
(representing sea level), 14% left in the apparatus at the time of the 
“break” would represent an elevation of about 10,000 feet; 10%, 
about 20,000 feet; and 8%, about 25,000. 

In their reactions to this test men were found to vary in one of 
two general directions— toward fainting or toward failure of task- 
performance without fainting.'^ The physiologic aspects of the 
reaction included practically always a large increase in respiration. 
Of course, that is in addition to adjustment of the sympatho- 
adrenal system, unless dilation of the bronchioles be admitted as 
a change which would render heavy breathing more economical. 
The striking sympatho-adrenal adaptations which occurred in 
those who adjusted well to the diminishing oxygen tension include 
a faster pulse rate and a rise of systolic pressure. Also there is 
evidence that the heart puts forth a larger volume per beat. These 
changes may be regarded as serviceable in providing a faster blood 
flow and consequently a greater oxygen delivery to the most essen- 
tial organs of the body (and those most sensitive to oxygen want), 
the heart and the brain. In other words, the changes are directed 
toward assuring homeostasis for those organs, even though other 
less immediately important organs in the body might suffer. Faint- 
ing is imminent when diastolic pressure begins to fall rapidly, or 
there is a drop in sj’stolic pressure, or the heart beat becomes slow. 
In these circumstances the lower brain centers, controlling the heart 
and bloodvessels, appear to be the more sensitive indicators of failure 
to receive an adequate oxygen supply. In the non-fainting class 
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the blood pressure and pulse may remain fairly satisfactory, in 
spite of a low oxygen percentage, but the subject becomes stupidly 
unaware of his surroundings and of his own lapses of attention. 
Here the cortical functions of the brain are first to signal the deficit 
in the oxygen supply. 

It seems probable that a standard for judging a critical stress from 
anoxemia could be found that would not require the test to be 
carried so far as to be near the edge of fainting or loss of conscious- 
ness. In most of the published records which carry the psychol- 
ogists’ observations, there are signs that, well before the circulatory 
changes have developed, the subject has begun to manifest char- 
acteristic disturbances of cerebral functions— such as confusion, 
wavering attention, clumsiness, delay and error in making the 
required motor responses. It is said, furthermore, that the reac- 
tions studied by the psychologist are the "best criteria as to the 
efficiency of the compensation.” In the Government Manual 
(p. 87) the statement occurs, "As our work has progressed we have 
become more and more impressed with the perfectly definite effects 
following exposures to altitudes below 5000 feet.” If such effects 
could be proved characteristic, and indicative of too great a stress, 
i. e., a stress so great that the compensatory mechanisms are begin- 
ning to fail— even though 5000 feet would have to be much sur- 
passed— a practical and simple test might be devised which would 
yield valuable information regarding the influence of common 
experiences on general bodily condition. 

I have presented a sketch of the method of testing aviators 
because it has definitely proved that the efficacy of the adjusting 
apparatus in control of the fluid matrix can actually be evaluated. 
Indeed, the aviation tests have not only brought out clearly the 
quality of different types of physiologic organization, but also have 
disclosed evidence that bodily efficiency varies in a remarkably 
interesting manner at different times. A few illustrations will give 
point to these statements. 

In some instances the observers found that there was "complete 
inefficiency” when the oxygen deficit marked an altitude as low as 
6000 feet. Such subjects were in the main constitutionally inferior 
—often undersize, with flat chests, clammy, mottled hands and 
poor complexion. In the same class were men near middle age who 
had led a sedentary life and were overweight and of flabby muscula- 
ture. Any functional defect of heart or bloodvessels was, quite 
understandably, the occasion for a low score. As the Manual 
(p. 32) remarks, “There is a certain range of greater or less breadth 
through which the external factors of the environment may be 
varied and yet be met by an automatic adjustment of the physio- 
logic processes in the body which will preserve the vital balance of 
the mechanism. But beyond a certain point, specific for each organ- 
ism, changes in the external condition will necessitate more radical 
alterations which will tax the compensating mechanisms to the 
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utmost capacity in order to prevent disaster. Theoretically the 
organism which has been called upon repeatedly to make a certain 
land of adjustment (in this case supplying oxygen to meet a 
need) will be the one most capable of responding when an extra- 
ordinary demand is made Since physical exertion does 

increase the demand for oxygen it is to be expected that the orjganism 
which has been called upon to do physical work frequently wdl have 
acquired marked powers for compensating for oxygen want.’ 

Although, as a rule, the athletic or physically fit person is best 
able to meet the exigencies of anoxemia, he himself may show note- 
worthy variations of response to low oxygen percentages, according 
to his “condition.” Thus during a cold, or after a, recent illness, 
or when the body has been damaged by unirygienic living, or weak- 
ened by inactirdty or by worry or dissipation or loss of sleep, the 
eapacity for endurance of oxygen deficiency is apt to be reduced. 
Then as the oxygen in the rebreathed air becomes less there is an 
earlier onset of inefficiency than would occur if the subject were 
quite fit. For example, one of the subjects, often tested and proved 
to be exceptionally hardy, was brought on a particular day to an 
oxygen level equivalent to an elevation of 22,000 feet, and was kept 
there for 15 minutes with hardly any effect on his general responsive- 
ness. That evening he dined with friends, drank a moderate amount 
of alcohol, and went to bed late. The next morning he felt a little 
giddy and had a slight headache. Then, when tested at 18,000 
feet, he became cyanotic and was wholly incapable of meeting the 
psychologic tests. Only by prompt administration of oxygen was 
he prevented from fainting. 

It is hardly necessary to point out that this mode of estimating 
the capacity of the sympatho-adrenal apparatus (and its subservient 
organs) to meet certain standard requirements has given us quan- 
titative information regarding “fitness,” and regarding the cir- 
cumstances which affect “fitness,” that we have never before pos- 
sessed. It is not necessary to use the vague phrases “being in good 
condition” or “being in poor condition,” if a test can express graphic- 
ally and in fairly accurate terms what those phrases mean. The 
possibility of securing that degree of exactness in a realm of medical 
observation where judgment has been uncertain and description 
indefinite would amply justify an effort to simplify the aviation 
tests so that they coiffd be applied reliably to medical cases without 
too great expenditure of time. Ov it is conceivable that some other 
ready way^ could be found for judging sjonpatho-adrenal efficiency. 
At this point I uish merely to emphasize the importance of estab- 
lishing a satisfactory uncomplicated method of assaying that effi- 
ciency. If that could be done we should have a means of learning 
how all sorts of human experience affect the fundamental factors 
which determine homeostasis. A vast territory, enticing for bio- 
logic and medical e.xploration, would be disclosed. We should 
have to learn how steady are the steady states and where the critieal 
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stress is found, not onl.y in normal individuals, but also in individuals 
at various developmental epochs and during various disorders. 
Childhood, adolescence and old age, the exacting periods of puberty 
and the climacteric, prolonged labor, fatigue, the demands of school, 
the values of different sorts of training— all these and many other 
conditions (besides infection and insomnia, ^xoTry and dissipation, 
already mentioned) could be made to tell their influence on the 
agencies which maintain uniformity in the fluid matrix. Indeed, 
the whole gamut of human diseases might be studied from this point 
of view. 

The main objectives which I have had in mind while preparing this 
lecture are two: I have wished to rouse interest in the stability of 
oiu- internal environment and in the admirable regulatory mechan- 
isms which maintain stability and which are found in the function- 
ing of the sympatho-adrenal system; and I wished also to indicate 
the importance of a means of estimating the efficacy of that system 
as a regulator of bodily stabilization. Unfortunately I have not 
been able to bring to you an account of a well-tried method of dis- 
covering the critical stresses in homeostasis, a criterion for judging 
the degree of perfection of the corrective and preservative devices 
in our physiologic economy which assure us freedom for our more 
interesting and important activities. But am I right in saying 
“unfortunately”? Does not the chase often yield quite as much 
satisfaction as the quarry? Of our “more interesting and important 
activities” is not the quest for illuminating facts among the choicest 
and most admirable? Perhaps I had better say “fortunately” 
there is much significant and rewarding research ahead of us, 
research needed for the relief of man’s estate. It Avould be most 
gratifying if any hints I may have offered would serve as a stimulus 
to fresh endeavors to bring us new knowledge and new power. 
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THE RELATION OF DENTISTRY TO MEDICINE.* 

By Leroy M. S. Miner, 

DEAN, HAKVARD UNIVERSITY DENTAL SCHOOL, 

BOSTON, MASS. 


Dentistry, or stomatology, as some now prefer to call it, is 
gradually being given the standing of an important junior member 
of the medical family. Wliile its interests have been largely con- 
centrated, during its comparatively short life as an organized pro- 
fession, in the field of mechanical and surgical therapy, of late it is 
being realized that many of its problems lie directly in the field of 
general medicine. Its course as a member of the medical family 
will be that of any other well-conducted junior— it will follow in 
the footsteps of its elders, at least such footsteps as have led 
forward, and it will continue, in its practice, in its education and in 
its research to be guided by the experience of those who have pre- 
ceded it on tliis course of professional development. 

My theme today — the relation of dentistry to medicine — is a phase 
of progress in the Mstory of medical art and science. Dentistry 
is one of the subdivisions of the healing art and occupies in practice 
a relation to the main body of medicine essentially like that of otol- 
ogy, laryngology and ophthalmology. Like all these, it springs 
from the main trunk of general medical knowledge and experience. 

Gradual Recognition of Teeth as Organs. The necessity for the 
ministrations which the dentist now gives is as old as the teeth 
themselves, just as— if we are to go back to origins— the necessity 
for the ophthalmologist was determined by the occurrence of the 
eye. But bj^ one of the most singular aberrations of the human 
mind, extending over centuries, teeth were long regarded as if they 
were something extraneous to the body— something essentially 
inanimate presumably because of lack of a \dsible capacity to repair 
themselves. They were thought to be a sort of added convenience 
or mechanism— as though they were not produced by the body in 
which they occurred, but were added to it. Teeth had the rank 
and standing of mechanical appliances, existing largely for the pur- 
pose of mastication, with adornment also playing an important 
role. Had it not been for toothache, which brought poignant 
evidence that they were not inanimate, teeth never would have been 
forced upon our attention. 

Dentists Admitted to Medical Ranks. Perhaps it was this anoma- 
lous status of the teeth which accounted for the no less anomalous 
status so long occupied by the dentist. Over exi;ended periods he 
shared in the dubious classification of the barber-surgeon union. 

* Address at the American Medic.al Association Meeting, Cleveland, June 14, 
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A later stage was that of the tooth-puller, when he was confused 
in the public mind mth the traveling charlatan and the local jack- 
of-all-trades. For a centm-y or more he lived in a no-man’s land 
between a profession and a trade. Dentists, even in our own time, 
are being admitted very slowly and not without resistance, to the 
general company of physicians and surgeons. Within the lifetime 
of those present the dentist has continued to be regarded in some 
quarters as a mechanic and his occupation as a manual craft. It is 
not 6 months since a learned professor at my own university coupled 
dentistiy and plumbing as the two leading contributions of America 
to culture. It is difficult for the dentist to feel adequately flattered 
by the collocation. 

Undue Spedalizaiion. On the threshold of the medical profession 
the dentist meets a new danger from the undue specialization that 
has been attacking in epidemic proportions the enthe healing art, 
separating it into formal dmsions and breaking it up into a number 
of water-tight compartments. 

Specialization was in its origin unavoidable. It was made 
necessary by the expansion of the field of knowledge. Since the 
death of Roger Bacon, in 1294, no one mind has been able to embrace 
the whole of science. Subdivisions and specialization were made 
necessary by the rapid and immense increase in nearly all fields of 
knowledge. As the aggregations of facts, accumulating' at accel- 
erated speed, piled up before the scientist, in quantities so vast 
that they swamped the mind, they led to increased specialization 
and resulted in many scientists becoming wholly immersed in minor 
subdivisions and specialties. 

Our zeal for specialization in all directions has carried us to 
extremes. The banker has sometimes tried to conduct his affairs 
as if thej" formed a water-tight compartment and as if finance were' 
independent of business. The physicist, the chemist, the economist 
have essayed to live within a tight fence where other specialists 
might not intrude. Medicine has broken its province into a score 
of principalities. Even the restricted field of dentistry has fallen 
into the current error; it has not merely set up its own boundaries, 
but has split its enclosm-e into subdivisions— prosthetics, ortho- 
dontia, periodontia, oral surgery, etc. 

Medical Subdimsion. In course of time the law has allotted to 
each its own portion of the body, and the mouth with its comple- 
ment of teeth has become the legal domain of the dentist. The 
rest of the body remains as yet the domain of general medicine, 
but whether the various specialties of medicine will be content, 
whether they will not each demand its “pound of flesh,” its segment 
of the body, to be its proper province, defined and apportioned to 
it by legal enactment— that is a question. It is no great feat of 
imagination to see the body all apportioned out and allocated, organ 
by organ, part by part, to the ophthalmologists, orthopedists, 
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laryngologists, cardiologists, gastro-enterologists, gynecologists, etc. 
How far would such division go? To what lengths would the 
jealousy of legal and medical rights carry our energetic specialists? 
One shrinks from the vision and wonders whether the ancient writ 
of Habeas Corpus would not have to be revised to read Habeas Nares, 
Habeas Cordum, Habeas Pedem! 

No! Specialization will not go to such lengths; common sense 
will intervene. It is possible to make legal division of the body, 
but Nature knows none. Her consent has not been given. No 
legal barrier can stop the toxin from an infected tooth spreading to 
the heart and interfering in its action, or to the joints and stimulat- 
ing arthritis, or to the eye and affecting vision, or prevent a dys- 
funetioning heart from affecting unfavorably other struetures. All 
specialization, whether it affects dentistry and general medicine or 
as it affects the various subdivisions of both, can be justified, 
not as a means of separation, but only as it aids and facilitates 
cooperation. 

The Status of Dentistry. Dentistry has marched, step by step, 
to a place where it must be regarded in general as belonging to 
medicine. -The status cannot yet be regarded, however, as wholly 
satisfactory— neither on the side of professional practice, nor yet as 
regards professional education. This is partly due to the action of 
the medical authorities of another day in refusing to admit dental 
subjects to the medical curriculum. The consequence was the 
establishment of separate dental schools with their own curricula 
and separate professional organizations. It is undeniable that the 
independent com-se then taken by the dentists and their attitude 
of self-sufficiency accounted in some measure for a certain aloofness 
of manner on the part of the medical profession. Separate dental 
schools at any rate came into being, not usually on equal scientific 
and intellectual level vdth the medical schools of the same period, 
and sometimes on a level decidedly lower. With the passage of 
time this gap is in process of being closed. The requirements for 
admission at the better dental schools and the general requirements 
for the dental degree are not inferior to those for the medical degree. 
Nor is the dental student at graduation less well prepared, but, on 
the contrary, rather better than his medical confrere, for the imme- 
diate practical problems of practice. 

Denial and Medical Students. In general, there is visible today 
a growing affinity of the curricula of dental and medical schools. 
^ some dental schools the work of the first 2 years of the course is 
identical in subjects taken and not inferior in quality to that of the 
first 2 years of the medical course and is frequently taken in the 
same lecture rooms and under the same instructors. The routine 
of lecture, of study and of laboratory work, and the personal relations 
set up with fellow medical students and professors tend to establish 
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and maintain common standards, lifelong habits of thought and 
bonds of fellowsliip. 

On the medical side also there are tendencies toward closer 
relations in the curriculum. At least one medical school has moved 
to establish within its regular course, requirements in the dental 
field similar to the requirements set up in ophthalmology, otology 
and laryngology. This vdll further broaden the common ground 
and vn\\ prepare the way for a common footing in hospital seiAuce 
when, as is inevitable, it becomes the general practice of hospitals 
to have dental interns. In at least 2 hospitals mth which I am 
familiar this has already come about. 

For a Uniform Curricuhim. The relation to medicine will be 
more satisfactorj'- when the requirements for entrance to the dental 
profession are more uniform and when all dental schools adopt and 
enforce the standard of the leaders. That condition is rapidly 
being brought about. (This desirable goal has been made more 
attainable by the aid of the Carnegie Corporation, enabling the 
American Association of Dental Schools to make a study of the 
dental curriculum with regard to the requirements of the profession. 
As the same requirements and standards are applied to dentistry 
as to other specialties of medicine we shall find the old odkm 
medicum disappearing.) 

Conversely, on the side of the medical schools, there is an approach 
to dental subjects wliich indicates a more sympathetic understand- 
ing, and it is a matter of congratulation, alike to the medical and 
the dental faculties, that medical students show a keen and decided 
interest in dental subjects— an interest extending to the point of 
requesting an increase in the number of sessions devoted to dental 
problems. 

Dr. Thayer on Interdependence. This whole relationship has been 
a matter of serious interest to many of the best minds of the pro- 
fession. For example, the late Dr. William S. Thayer, one of the 
most distinguished and beloved members of the profession of his 
generation, as inspiring a friend to many of you as he was to me, in 
a report on the Harvard Dental School vTote as follows: 

“ The ophthalmologist and the physician meet on common ground : 
they are members of the same medical societies. Their subjects 
are discussed at common meetings. The dentist and the physician 
do not meet on the same common ground. This is unfortunate 
for the physician, for the dentist and for the patient. The circum- 
stance that the requirements for admission to dental schools have 
been lower, and the circumstance that the amount of general and 
medical education demanded of tlie dentist has been less than that 
demanded of the physician and surgeon, have worked to place the 
dentist at a disadvantage in the medical and general community. 
This has not only been a disadvantage to the dentist, it has been a 
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very real disadvantage to the medical profession. It is, we believe, 
of importance to medicine that the time maj’’ come when . . 

dentistry will be, as it should be eventually, one of the specialties 
of sm-gery . . And he closes by saying; “As the years go 

by, the importance of that branch of surgery practised by the 
dentist becomes more and more evident, and the interdependence 
of dentistry and the other branch^ of the art of medicine and 
surgery clearer . . 

Hospital Service. As has already been suggested, a further step 
of progress will be made when dentists are regularly to be found 
in our hospitals as residents and interns. Such a step is desirable 
in the interests of the general health, because hospitals are the true 
mixing and testing grounds for the various groups of practitioners 
and specialists, true medical melting pots. 

Perhaps even more important is the development of dental 
diagnosticians — a forward step proposed by President Lowell, of 
Harvard, strongly advocated by him, and under serious' considera- 
tion in some of our hospitals. No one who has had experience in 
ward walks can have failed to realize how valuable in some cases a 
dental diagnosis may be. Although the subject of the mouth as 
a primary focus of systemic disease has rather overshadowed other 
aspects of the whole problem, we are now beginning to realize that 
certain diseases display early symptoms in the mouth— to the 
extent that we may even call the mouth a barometer of body health. 
Certainly no case can be regarded as thoroughly studied until an 
accurate and complete survey of mouth and teeth has been made. 
If this be true, the more effective and closer the cooperation of 
dentist and physician becomes, the better will be the service rendered 
the patient. 

In all the professional relations in which dentists and physicians 
meet, in classroom, hospital clinics, as well as the routine of practice, 
the relations tend to grow closer and the exchange more reciprocal 
and cooperative. This is because the basis of common interests, 
common knowledge and common training grows constantly broader 
and is better understood. 

Research. Nowhere is this plainer, nowhere is cooperative 
exchange more fully taken for granted and more imperative than 
in the field of research. EA'^ery investigator learns early in his 
experience that research cannot be conducted on the water-tight 
compartment basis. It is constantly crossing lines of technical, 
departmental and professional knowledge, and as fast as it expands 
it draws men of different faculties and diverse sections of science 
into ever closer cooperation. 

T-his ineHtable interrelation is illustrated wherever research, 
whether it begins in the dental or the medical field, is being carried 
on. For example, in one of our dental schools considerable research 
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is being conducted in the three major fields of dental disease: 
caries, pyorrhea and malocclusion. The field of caries demands 
especial attention because it is the most imiversal and the most 
familiar of all human ailments of our day. It is also an ailment 
which brings in its train many sequelae to which medical men must 
direct their attention. Caries, therefore, of necessity interests 
medical men. 

Iksearcli on Caries. In the school to wliich I refer there are no 
fewer ' than 8 pieces of research being carried on upon different 
phases of caries. This is natural for the reason that, as everyone 
knows, there is a vdde difference of opinion as to the cause of the 
ailment. Since the days of Miller, when there was general accept- 
ance of the \dew that caries was a germ disease and that all we had 
to do was to find and isolate the bacillus, we have gone through a 
series of changes of opinion. ^Miile some are still pursuing the 
bacteriologic trail, others have become equally convinced that the 
cause lies in nutrition. Within the field of diet again we have a 
number of more or less conflicting theories. 

Interrelation m Research. No matter what theory the investi- 
gator in this subject of dental caries adopts, he will fihd that his 
work will carry hirn immediately across the lines of the established 
fields of medicine. For example, the study of the vitamin and 
mineral deficiencies will bring him immediately into close relations 
with active workers in several fields of research and, particularly if 
he is wise and fortunate, into cordial collaboration with the men who 
work in biochemistry. Again, as soon as he begins to study the 
effects of caries upon dental tissues, he will find himself in the 
field of pathology and cooperating with men in the pathologic 
department of the medical school. Let him turn to the effects of 
the Bacillus acidophilus, and he is at one step in the field of the 
bacteriologist and is again in close cooperation with the bacterio- 
logic diAusion of his medical school. 

If he has gone further afield, and has become attracted by the 
effects of the endocrine glands as predisposing to caries, he will not 
advance far without being in cooperative relations with the men 
similarly engaged in the department of anatomy or surgery. 

It is plain, therefore, that even within this single field of research 
into our most commonplace ailment, caries, w'e shall be involved in all 
foiu- of the major departments of medicine and shall come, if we are 
fortunate, into happy cooperation with the men doing similar wmrk 
in the departments of pathology, bacteriology, anatomy and bio- 
chemistry. 

Interrelations in the Study of Malocclusion. The other di\isions 
in which dental research is being carried on— certainly in one school, 
and I thinlv perhaps in many others— lead equally to the same 
result, that is, to the impossibility of an.y effective research wiiich 
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does not cross the boundaries of some, if not all, of the major divi- 
sions of medicine, and does not involve interrelations of the closest 
kind if effective work is to be done. For example, take the work 
which has been continued for some years by one of my colleagues 
in malocclusion, which leads directly to the study of bone growth. 
Ingenious forms of investigation in this field have led to the use of 
madder to reveal the modes of growth in bone, especially under 
various forrris of strain. Mechanical means, with which all ortho- 
dentists are familiar, for bringing about changes and for stimulating 
growth at certain points in the jaw, have made it particularly 
desirable to know how and just where in the structure of the jaw 
these mechanical appliances bring about or stimulate the deposition 
of new bone. This study, continued over a number of years with 
the aid of animal experiments where both mechanical appliances 
and madder feeding could be made use of, has not only pro- 
duced highly interesting and illuminating results; it has given a 
demonstration equally convincing for our immediate thesis. It has 
shown how indispensable is cooperation of more than one depart- 
ment of medicine in prosecuting such an inquiry. For example: 
Starting in the department of pharmacology, very early in the 
inquiry the investigator’s work drew him into the department of 
physiology; at a stage not much later he found himself working 
also with the departments of anatomy and chemistry. 

For Closer Cooperation. This is typical, and so far as I know 
universal, in all our research work. We can do effective research 
only by the fullest and freest cooperation of practically all the 
departments of medicine. These examples from the research 
laboratory will tend, I think, to corroborate and establish the 
reasoning drawn from the fields of dental education, from daily 
practice and from the clinics that holds that the line of progress for 
dentistry and medicine alike is that of interdependence and close, 
cooperation. It might be said of the various divisions and special- 
ties of medicine, as it was said by St. Paul of old, “No man liveth 
unto himself.” Isolation is impossible, where it is not suicidal, 
and the progress of each is to the advantage of all. 

Conclusion. Sound progress of the dental division of medicine is 
one which ought to be welcomed by every thoughtful physician, 
because it means lifting one more di^^sion of the whole practice 
of ruedicine^ onto a more intelligent, a more scientific and a more 
eflBcient basis. We are all, whether we will or no, part of the same 
body of learning and practice. None of us can be depressed or 
unworthy without affecting unfavorably the whole body. None of 
us can make advances in knowledge or skill or character without 
once more lifting the level of the whole, and so the medical profession 
at large will find it is to its interest and to its credit to foster every 
advance that is made by the dental branch of the healing art. 
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DETERMINATION OF THE PHAGOCYTIC POWER OF WHOLE 

BLOOD OR PLASMA-LEUKOCYTE MIXTURES FOR CLINICAL 
OR EXPERIMENTAL PURPOSES.* 

Description of an Improved Method, with Representative 

Findings. 

By Fred Boerner, V.M.D., 

ASSISTANT PROFESSOR OF BACTERIOLOGY, 

AND 

Stuart Mudd, M.D., 

PROFESSOR OF BACTERIOLOGY, PHILADELPHIA, PA. 

(From the Laboratories of the Graduate Hospital and of Bacteriology, University of 

Pennsylvania.) 

The efficiency of the blood in clearing itself of bacterial invaders 
under given conditions is obviously a factor which enters intimately 
into many problems of infectious disease. Will a given infection 
spread or be self-limited; will therapeutic serum help, and, if so, 
what serum and in what dosage; has the patient's normal resistance 
become reinforced as a result of vaccination or infection? An.y of 
these questions could obviously be considered more intelligently 
if the ability of the patient's blood stream to clear itself of the bac- 
teria in question could be determined. 

Under certain circumstances direct determination of the bacteri- 
cidal power of whole blood is practicable. Indeed, studies by 
Robertson and others^’ ^ of the pneumococcidal power of whole 
blood have greatly illumined many problems of pneumococcus 
infection in man and lower animals. However, attempts to measure 
the bactericidal power of the blood against, for instance, staphylo- 
cocci and certain streptococci have been by no means so successful 
as against pneumococci. 

Phagocjdosis is the principal means by which bacteria are cleared 
from the blood stream. Direct bactericidal action by sensitizer and 
complement is known to occur Avith only a fcAv bacteria; for the 
majority of pathogens, phagocji;osis is the only knoAvn means of 
destruction. A simple quantitative method of estimating the 
phagocytic power of whole blood should, then, have many uses.f 

* This investigation has been aided by a grant from the Faculty Research Com- 
mittee of the University of Pennsylvania. 

t In clearing bacteria from the circulating blood phagocytosis by macrophages in 
liver, spleen, lung and elsewhere is probably of equal or greater importance than 
phagocytosis by circulating polymorphonuclear leukocytes.’ * Macrophages and 
polymorphonuciears have been shown to respond similarly to phagocytosis-promoting 
substances, however, under a variety of circumstances.’ The phagocytic power of 
the poljTnorphonuclear leukocytes in blood, we believe, therefore, can be used at 
least as an appro.ximatc indication of the total clearing power of the blood. 
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Among the earlier studies of phagocytosis which have become 
classics are the brilliant experiments of Wright and Douglas,® 
which first disclosed the normal phagocytosis-promoting substances 
named by these authors “opsonins.” It is strange, however, that 
the essential technique used in these pioneer experiments should 
have persisted as the current clinical method of estimating phago- 
cytic power for the succeeding 30 years.'^-®-® To appreciate the 
confusion introduced through the imperfections of the Wright 
technique requires merely a study of the literature^® Zinsser and 
Bayne-Jones say of it:® “Measurements of opsonic indices are 
subject to so much experimental variation that they cannot be 
done with sufficient accuracy in clinical laboratories without an 
amount of labor that renders them useless as practical procedures/’ 

The procedure described below was developed in the hope of 
providing a simple, accurate and practicable measure of phagocytic 
power. We are finding it useful. 

Procedure. Anticoagulant. Prepare a stock solution of pmifled heparin 
(Hynson, Westcott and Dunning) dissolving 25 mg. in 5 cc. of 0.85% 
sodium chlorid solution. This solution can be sterilized by autoclaving. 
The amount of the freshly prepared solution we have used with 1 cc. of 
human blood is 0.05 cc. of the stock solution; for dog blood, 0.1 cc. of the 
stock solution has been used. The presence of the anticoagulants which 
precipitate calcium is kno^vn to interfere ndth phagocytosis.” g® We have 
not detected any interference with phagocytosis by purified heparin, or 
for that matter in using the less expensive unpurified product. 

Preparation of Bacterial Suspension. A reproducible suspension of 
evenly suspended microorganisms is desired. In work with pneumococci 
we have used 19-hour cultures in infusion broth adjusted before autoclav- 
ing to pH = 8 with phosphate buffer. The bacteria were washed twice 
and resuspended in buffered broth. A bacterial count has then been made 
in a Petroff-Hausser counting chamber, and the density adjusted to about 
6 billion organisms per cc. With bacteria that are more readily pha'go- 
cytized than smooth pneumococci, less dense suspensions are used. 

The Agitator. _ Some means of securing a uniform and reproducible 
amount of agitation of the phagocytic mixture is necessary for precise work. 
A suitable apparatus, which has been made available by the A. H. Thomas 
Company (Pig. 1), consists of a copper water bath containing a movable 
copper test-tube rack, a universal motor for 110 volts a.c. or d.c., and a 
gas microbumer with attached stopcock mounted on a baseboard with 
switch and necessarj’^ ndring connections. The motor is geared to swing 
the movable test-tube rack to and fro approximately 280 times per minute. 
The rack takes 16 tubes, 15 by 85 mm. By means of the gas burner with 
stojjcock for adjustment of_ the gas flow, a temperature of approximately 
di C. can be maintained in the M'ater bath. Clips are provided within 
the bath for conveniently Jiolding a suitable thermometer. 

The Test. 1. Place 0.05 cc. of stock solution of purified heparin in a test 
tube for each cc. of blood to be obtained. 

2. Obtain blood by venous puncture and place in tube containing the 
heparin. Mix gently. 

3. Place 0.5 or 1 cc. of heparinized blood in a short test tube, 15 by 
So mm., and place in agitator bath. The water in the liath should be 
between 37 and 38° C. 
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4. Add 0.1 cc. of bacterial suspension to tlie blood; note time and mix 
quickly by gentle agitation. Start a^tator, . 

5. At regular intervals remove by means of capillaiy pipette sufficient 
blood for making a smear in the same wa5’- as is usual for differential counts 
of blood. This can be done without stopping the agitator by dipping the 
pipette in the blood and removing quickly. A new pipette should be used 
for each interval. The slides should be perfectly clean and the ones used 
for spreading the film should have the corners cut off, so that the width of 
the film wiU be somewhat smaller than the width of the slide. This is done 
so that the edges of the film may be more easily examined. The interval 
of time that has proven satisfactory in most of our studies has been 3 min- 
utes. In some instances where phagocytosis is rapid, 1-minute intervals 
were used. The smears should be thin enough to dry rapidly. 

6. Fix the smears in methyl alcohol for^^lO minutes. 



7. Use Giemsa stain, so adjusted with a weak solution of sodium carbo- 
nate that the bacteria and cells stain well. It is advisable to make a few 
extra slides at the end of the test for the purpose of testing the stain before 
staiiung the test slides. Other suitable blood stains may, of course, be 
used. 

8. IVhen making smears by the method just described, it will be found 
that the neutrophils are much more numerous along the edge of the film. 
This arrangement of the cells facilitates the examination by making it easy 
to locate the cells, and prevents the possibilitj’’ of counting the same cell 
twice. The smear is examined by focusing the edge at one end and exam- 
ining the cells found along or near the edge, always mo\dng the slide in one 
direction. If sufficient cells are not found the other edge should be exam- 
ined. The cells should be classified as positive or negative for phagocytosis. 
The results are expressed in terms of percentage of positive cells. At least 
100 cells should be classified. Cells which are so clumped that their cyto- 
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plasm cannot be easily outlined or cells wbicli are broken up or degenerated 
should be disregarded. Only cells which have organisms within their 
cytoplasm should be considered positive. l^Tien bacteria are merely ad- 
herent to the cell or appear partly ingested, the cell should be classed as 
negative. _ ' _ .... 

9. Curves can be obtained by plotting the percentage of positive cells 
against the time intervals. 

Test for Phagocytosis by Plasma-leukocyte and Seriim-leukocyie Mixtures. 
Tests with plasma-leukocyte and serum-leukocyte mixtures are conducted 
as outlined above for whole blood. The only special feature requiring 
detailed discussion is the collection of the leukocytes. _ 

A Method of Collecting Human Leukocytes. Collection of leukocytes by 
the “buffy-coat” method from small amounts of blood* did not satisfy our 
requirements as to yield of leukocytes and absence of erythrocytes. It 
seemed possible that, allowing the blood to sediment, the erythrocytes 
would settle first, leaving the leukocytes above, and that by removing 
the plasma at the proper time, it would contain the leukocytes with very 
few erythrocytes. This was first tried with citrated blood. The blood 
was removed by venous puncture and 0.5 cc. of 3% sodium citrate was 
added to each 5 cc. of blood. A total white cell count was made. Severa-l 
sedimentation tubes were filled with blood and were allowed to settle. 
At half-hour intervals the plasma was removed and the number of leuko- 
cytes in the plaspia removed was coimted; To our surprise the number 
per c.mm, in the plasma at the end of the first period not only equaled the 
original count, but far exceeded it. This was an unexpected phenomenon. 
For fear of technical error, more tests were conducted vdth similar results. 
Some of these are shown in Table 1. 


Table 1.— Concentration of Lettkocttes in Plasma Layer Above Sedimenting 

Erythrocytes. 

Blood sample A; leukocyte count, 5200. Blood sample B: leukocyte count, 5100 


Interval, 

Height of 
plasma 

Leukocyte 

Interval, 

Height of 
plasma 

Leukocyte 

hr. 

taken. 

count. 

hr. 

taken. 

count. 

1 

2 

mm. 

8 

12,000 

1 

2 

mm. 

4 

16,450 

1 

. . 10 

14,400 

1 

5 

12,350 

1* . 

. . 6 

10,700 

1§ 

6 

. 11,500 

2 

. . 5 

9,000 

2 

4 

9,000 - 

n . 

. . 5 

6,000 

2| 

3 

5,000 

3 

. . 6 

3,400 

3 


1,000 

Mixed 

plasma A: Total 

plasma recovered, 2 cc.; 

leukocyte count 

on mixed 


plasma, 10,000; percentage of leukocytes present in whole blood recovered in plasma, 
38%. 

Mixed plasma B: Total plasma recovered, 3 cc.; leukocyte count on mixed 
plasma, 7000; percentage of leukocytes present in whole blood recovered in plasma, 
«%. 


To check these observations in another way, a sample of horse blood was 
obtained by venous puncture and placed in a small tube. There was 
marked sedimentation of the erjdhrocytes before coagulation took place. 
The clot was then fixed, sectioned and stained with hematoxj^lin and eosin. 
Examination of the sections showed a marked increase of leukocytes in 
the top portion of the clot as compared with the bottom portion; the top 
portion was, of course, relativelj’- free from erytlirocytes. 

It seems that this phenomenon may be explained by the fact that the 
erythrocytes have a higher .specific gravity and, therefore, settle more 

* However, a satisfactory method of obtaining a "leukocytic cream” from larger 
Volumes of blood has recently been described by Strumia.” 
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rapidly than the leukocytes, thus leaving the leukocytes in the upper strata 
of plasma. If the erji,hroc 5 ’tes settle rapidly, the displacement of the 
plasma at the bottom by the cells will cause currents sufficient to carrj’- some 
of the leukocj’tes upward and thus increase their number in the supernatant 
plasma. T^ffien the settling of cells is slowed or stopped, the leukocytes 
then settle to form a layer on top of the red cells (so-called “buffy coat”). 

Our earlier observations were made with blood from clinic patients 
who no doubt were not normal and had increased sedimentation rates of 
their erythrocytes. Subsequent studies vuth blood from normal indi- 
viduals showed the same phenomenon, although less pronounced, and the 
amount of plasma-leukocide mixture removed was too small to be of 
practical value. It then became necessarj'^ to accelerate the sedimentation 
of the erythrocytes and thereby allow the removal of more plasma-leukocyte 
mixture in order to increase the number of leukocy'tes recovered. 

This was accomplished by remo\dng a little over one-half of the erythro- 
cytes by the following method; Place blood in test tube and centrifuge 
at moderate speed for 5 or 6 minutes; remove cells from the bottom by 
means of a capillarj’’ tube so bent that one end can be inserted in the tube 
to the bottom; the other end vdll reach a few inches below the bottom of 
the tube on the outside; by suction a 33^51100 is established and the cells 
removed drop by drop until less than one-half remain. The tube is then 
removed and the remaining cells are resuspended by tipping back and forth 
gentl 3 \ This blood will now settle rapidly; consequently more plasma and 
leukocytes can be recovered. 

All the factors which influence the sedimentation rate'^ naturally influence 
this phenomenon and the collection of leukocytes by this method. Those 
accelerating sedimentation, such as body temperature and tilting of the 
sedimentation tube, can be used to advantage. Sedimentation should be 
started as soon as possible after -withdrawal of the blood. Having the 
leukocytes in a high column of plasma facilitates their removal, as it does 
not necessitate the removal of plasma close to the erythrocyte zone. We 
have found it advisable to have the column of blood at least 100 mm. high; 
but this, of course, will vary according to the amount of blood available and 
the number of leukocytes desired. 

The plasma so collected contains leukocytes and platelets -nith very few 
erythrocytes. By centrifugalizing slowly^ for a few minutes the majority 
of the leukocytes may be thro-vvm do-wn; the majority of the platelets may 
then be removed -nith the supernatant plasma. The leukocytes are carefully 
resuspended in the desired volume of suspending medium. 

We have used as anticoagulants sodium citrate, sodium and potassium 
oxalate and heparin vuth good results. If the leukocytes are intended 
for phagocytosis, heparin should be used, or else the leukocytes should be 
carefully washed before using. Attempts to recover leukocytes from 
defibrinated blood by this method have not been particularly successful. 

Method of Collecting Leukocytes. The follo-wdng is an outline of a method 
for collecting human leukocytes based on the facts discussed: 

1. Obtain blood by^ venous puncture. The amount will depend upon the 
number of cells desired. 

2. Place in tube containing anticoagulant. 

3. Centrifuge at moderate speed. 

4. Remove a little over one-half of the erythrocytes from the bottom of 
the tube by' means of capillary tube, or in any' manner which will not dis- 
turb the “bulTy' coat.” If the blood is from an anemic person or has an 
accelerated sedimentation rate this step can be omitted. 

5. Gently mix the remaining cells with the plasma. 

6. Place the blood in a tube of such diameter that the column will be at 
least 100 mm. lii^i. 
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7. Place the tube in incubator and incline slightly. 

8. Remove the plasma from top with capillary pipette at end of I and 
1 hour. The time of collection may be varied according to the rate of 
sedimentation. If it is necessary to obtain as many leukocytes as possible, 
the collection should extend until no more plasma is available. 

9. A total and differential white cell count may be made if it is necessary 
to determine the number and land of leukocytes recovered. 

The number of leukocjdes recovered by this method depends: 
(1) Upon the number of leukociRes present in the original sample 
of blood; and (2) on the factors influencing the sedimentation 
rate of the erythrocytes. We have been successful in most cases 
in recovering from 20 to 60% of the leukocytes present in the 
original sample. In all cases we have been able to recover far more 
leukocjdes which are relatively free from associated erj'throcytes 
than wm could expect to by the “buffy coat” method. 

Representative Data on the Phagocytic Power of Whole Blood and 
of Plasma-leukoc3rte Mixtures. Data obtained by these methods 
(Fig. 2) are plotted as rate curves expressing the percentage of 
neutrophils which have phagocytized in the successive time intervals. 

Relative Resistance to Phagocytosis of Different Bacterial Strains. 
Resistance to phagocytosis is known to be a major factor in deter- 
mining virulence, for instance, of pneumococci. In the experiment 
recorded in Fig. 2, A, 1-cc. samples of heparinized human blood 
were mixed with 0.1 cc. of twice-washed pneumococcus suspension 
containing in each case approximately 600 million microorganisms. 
Four strains of pneumococci were used, i. e., fully virulent Types I 
and II smooth strains (I S and II S), a laboratory strain of Type III 
smooth of moderate virulence (III S), and an avirulent rough strain 
originally derived from Type I (I R). It is evident that phagocjdosis 
of Type I S was negligibly slight, of Type II S little more, of Type 
III S moderate and of the rough strain rapid and extensive. 

Titration of Phagocytosis-promoting Action of Therapeutic Serum. 
In the experiment recorded in Fig. 2, B, the phagocytosis-promoting 
action of a therapeutic antipneumococcus horse serum* against the 
same virulent strain of Type I S was titrated. Serial dilutions of 
the horse serum were added to 1-cc. portions of human blood so as 
to give the final dilutions of horse serum shown in the figure; 
600 million twice-washed pneumococci were added to each portion 
of blood. It is clear that the serum in dilutions of 1 to 200 and 
1 to 400 had little or no effect on phagocjdosis, that in a dilution 
of 1 to 100 a slight phagocjHic response w^as obtained, and that in 
dilutions of 1 to 25 and 1 to 50 the phagocytosis-promoting action 
was very effective. 

Inhibition of Phagocytosis. The carbohydrate capsular materials 
of pneumococci are knovm to have an extremely important effect 
in inhibiting phagocjTosis.i^ This effect is a major factor in the 

* For the horse serum we are indebted to the Mulford Laboratories of "Sharp & 
Dohme. 
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Fig. 2.~A through E, Rates of phagocytosis of bacteria by polymorplionuclcar 
leukocytes in whole blood. A, Human blood. Pneumococci of Types I, II and III, 
smooth, and rough derived from Type I; COO million twice- washed pneumococci in 
buffered broth added to each 1-cc. portion of heparinized blood. B, Human blood 
(1 cc.) plus 0.1 cc. of serial dilutions of therapeutic antipneumococcus horse serum: 
final dilutions of horse serum given in figure: GOO million twice-washed Typo I S 
pneumococci in buffered broth added to each tube. C, Human blood containing 
antipneumococcus horse serum added to a suspension of Typo I S pneumococcus 
containing serial dilutions of Type I S.S.S. Dilution of horse serum in the final 
mkture, 1 to 50. The initial dilutions of S.S.S. are indicated on the graph: to 
obtain dilutions in the final mixture multiply by 13. D, Dog blood.^ Numerals 
indicate days following infection with Type I pneumococcus — GOO million tvdee- 
washed pneumococci in buffered broth added to 1 cc. of blood. E, Blood of patient 
with eosinophilia. Solid linos, neutrophils: broken lines, eosinophils. Open circles. 
Staphylococcus aureus, hea\’y suspension. Solid circles, pneumococcus Type I S; 
600 million pneumococci added to each cc. of heparinized blood. Crosses, pneumo- 
coccus Tj’pe I S plus antipneumococcus horse serum: dilution of horse scrum in 
the original mixture, 1 to 75. F, Human plasma-leukoode mixture (Type 0), 
plus erj-threej-tes (Type A): 50 million erythroeides added to 0.5 cc. of plasma 
containing IS million loukocj-tes. Dotted lino, leukocytes containing stainablc 
erythrocides. Broken lino, leukocytes containing vacuoles. Solid lino, sum of 
leukocjdes containing stainablc erythrocytes and vacuoles. Solid circles along 
baseline, same plasma-leukocyte mixture plus Type O erythrocytes: ho phagocytosis. 

(2S) 
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so-called “aggressive action” of pneumococci and other bacteria.^^® 
In the experiment shown in Fig. 2, C, such an inhibitory action is 
shown. The therapeutic horse serum was added to portions of the 
same human blood used in Fig. 2, B, so as to give a dilution of 
1 to 50 horse serum in the final mixture. Dilutions of deacetylated 
Type I carbohydrate specific soluble substance* were added to the 
twice-washed pneumococcus Type I suspension. _ The blood samples 
containing horse serum and the pneumococci containing carbo- 
hydrate solution were then mixed and phagocytosis tests were run. 
Marked inhibition of the phagocytosis-promoting action of the 
therapeutic serum was obtained with all dilutions of soluble sub- 
stance of 1 to 216,000 or less. 

Development of Antibodies Following Infection or Inoculation. In 
the course of studies on the effect of pneumothorax on experimental 
pneumonia in dogs,^® virulent Type I pneumococci have been 
injected in dogs intrabronchially by Dr. Louis Lieberman. The 
development of phagocytosis-promoting antibodies in a dog so 
infected is shown in Fig. 2, D. One-cc. portions of the dogs’ blood 
were mixed with 600 million tvdce-washed Type I pneumococci 
and phagocytosis tests were run. The numerals in Fig. 2, D, 
indicate the days after infection on which the blood samples were 
taken for test; sample 0 was taken just before infection. It is 
evident that no detectable antibody response occurred for 5 days 
after infection. No test was made on the sixth day. The seventh 
day, phagocytosis-promoting antibody was detected and was 
prominent on the succeeding days. 

The dog sera studied for phagocytosis-promoting power were 
tested also for agglutination and mouse protection. The results 
of the three tests were in general parallel. The phagocytosis test 
proved, however, to be distinctly more delicate than agglutination, 
and in a majority of instances also more delicate than mouse pro- 
tection; in several cases the appearance of antibodies was detected 
a day or more earlier by phagocytosis than by the other tests,' 

Phagocytosis by Cells Other Than Normal Neutrophils. The 
technique of studying phagocytosis in whole blood affords an 
opportunity to compare under identical conditions phagocytosis by 
normal neutrophils with phagocytosis by any other cells which may 
appear in the blood in sufficient numbers. For instance, in looking 
over many slides the impression has been gained from the occasional 
eosinophil encountered that these cells were phagocytic but less 
actively so than the neutrophils. 

An opportunity to check this observation was afforded by a 
patient with eosinophilia of unknown oi’igin. The total count was 
12,200 leukocytes per c.mm., of which 5612 were neutrophils (46%), 
4148 lymphocytes (34%), 488 monocytes (4%) and 1952 eosino- 
phils (16%). One-cc. portions of this patient’s blood were added 

* For this we are indebted to Dr. Walther Goebel, of the RockefoUcr Institute. 
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to 600 million smootli I pneumococci and to a suspen- 
sion of Staphylococcus aureus; also a portion of the blood containing 
1 to 75 antipneumococcus horse serum was added to 600 million 
Type I S pneumococci. Phagoc5d;osis tests were run and the rate 
curves for phagocj’tosis by neutrophils and eosinophils were sepa- 
rately determined (Fig. 2, E). It is e\ndent that phagocjd;osis of 
pneumococci by neutrophils definitely exceeded that by eosinophils 
both with and without serum. With the staphylococcus this 
superiority of the neutrophils was not so apparent from the graph. 
Another method of analysis shown in Table 2 does bring out Ais 
superiority of neutrophils, however, vdth respect to ingestion of 
staphylococci as well as of pneumococci. 


TabIjE 2. — Phagocytosis by Eosinophibs as Compared With NETiTiiorHiLS. 
1 Cc. oj Blood Plus Pneumococcus Type I S. 


Number of bacteria per cell. 

Eosinophils (100 observed) : 

Over 10 

5 to 10 

1 to 5 


Time in minutes. 

3. 6. 0. 12. 15. 

0 0 0 0 0 

0 0 0 0 0 

1 6 3 S 4 


Neutrophils (100 observed) : 


Over 10 1 1 0 1 0 

6 to 10 2 1 0 0 1 

1 to 5 IS 13 IS 12 26 

1 Cc. of Blood Plus Antipneumococcus Scrum (1 to 7o) Plus Pneumococcus 

Type I S. 

Eosinophils (100 observed) : 

Over 10 6 8 11 17 10 

5 to 10 10 12 11 16 IS 

1 to 5 2S 35 2D 31 36 

Neutrophils (100 observed) : 

Over 10 30 65 90 93 S8 

5 to 10 , . ‘ 20 19 5 5 4 

1 to 5 20 15 3 2 S 


1 Cc. of Blood Plus Staphylococcus Aureus. 


Eosinophils (100 observed) : 

Over 10 23 6S 6S 72 SO 

5 to 10 36 16 15 13 10 

1 to 5 35 12 13 12 10 

Neutrophils (100 observed) : 

Over 10 66 100 99 100 100 

5 to 10 2S 0 0 0 0 

I'to 5 6 0 1 0 0 


Type Specific Phagocytosis-promoting Antibodies in Human Blood. 
The opsonization of human erj^tliroc^des by human sera of incom- 
patible tjTies was demonstrated, in 1925, by Schift'.^' This "iso- 
hemotropin” effect was found in only a certain proportion of human 
bloods; it occurred in association with isohemolysis and with iso- 
hemagglutination of relatively high titer. 

We have confirmed these findings of Schiff, using first whole blood 
and later plasma-leukocji;e mixtures prepared as outlined above. 
A representative result is given in Table 3. Fifty million erythro- 
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cytes of each type were added to plasma-leukocyte mixtures as 
indicated. The results of isohemolysis tests and the isoagglutination 
titers are given in the last columns of the table. The percentage 
phagocytosis at the several time intervals includes leukocytes con- 
taining stainable erythrocytes {IS) and those containing only vacuoles 
of the size and shape of er^hrocytes (F). 

These vacuoles were interpreted as stromata of hemolyzed 
erythrocytes. This interpretation w^as confirmed by direct observa- 
tion of the process of phagocytosis in film preparations^® in a warm 
box, using a Zeiss cardioid dark-field condensor. Erjdhrocytes and 
hemolyzed stromata (“ghosts”) can thus readily be distinguished. 
Using Type A erythrocytes sensitized wnth a Type 0 plasma which 
contained isohemolysin, the ingestion both of unlyzed erythrocytes 
and of ghosts was observed. Many of the ingested erythrocytes 
were hemolyzed intracellularly, and digestion and disappearance of 
the red cells and stromata regularly followed ingestion. 

It will be observed that in Table 3, and this is representative of 
other similar data we have obtained, Type 0 plasma caused phago- 
cytosis of Types A, B and AB cells. Type A plasma of B and AB 
but not of 0 cells, and that Type AB plasma caused no phagocytosis. 
This is in accord with expectation from the known distribution of 
isoantigens and antibodies. Type B plasma did not cause phago- 
cjdosis or hemolysis and was exceedingly weak in isoagglutination. 
This failure to promote phagocytosis or hemolysis we have found 
in the several B plasmas tested, but w'e have not yet analyzed the 
matter further. 

Fig. 2, F, show's graphically the result of an experiment with 
0 plasma and A erythrocytes. This plasma w'as hemolytic. The 
dotted line indicates the percentage of leukocjdes containing stain- 
able red cells and the broken line the percentage containing vacuoles. 
The solid line is the total percentage phagocjdosis, i. e., the sum of 
the percentages of stainable cells and vacuoles. The percentage of 
leukocytes containing unhemolyzed erythrocytes reached a maxi- 
mum in 3 minutes, the percentage containing vacuoles, as W'ould 
be expected, attained its maximum later, i. e., at 10 minutes. 
After 10 minutes the rate of digestion and disappearance evidently 
surpassed the rate of ingestion of new' elements, and the percentage 
phagocytosis thus appeared to fall. A similar effect due to intra- 
cellular digestion of typhoid bacilli has previously been described.” 

Reliahility of the Method. Current methods of estimating opsonic 
and phagocytic indices lose greatly in value through such sources 
of error as imperfect mixing, the use of anticoagulants w'hieh com- 
bine w’ith calcium, and dependence on a single serum concentration 
and a single time of contact between phagocytes and test objects. 
'\Ye have sought to develop a method of direct estimate of phago- 
cj'tic pow’er, free from these errors, and suitable both for experi- 
mental and clinical use. 



Tablh 3. — PiiAaooYToais ijy PiiAsma-mukocyth Mixtures op EnyTituocvTEs of Incompatiulb Type, 
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There remains for consideration the question as to what degree 
of precision and reliability may be expected of the method described. 
A general answer is not possible, since the reproducibility of the 
results depends upon factors peculiar to each system under con- 
sideration. However, in following the phagocytosis of virulent 
Type I pneumococci by the blood of dogs with experimental pneu- 
monia, as described above, sufficient data have been obtained to 
permit of analysis by ordinary statistical methods (Tables 4 and 5).* 


Table 5. — Comparison of Phagocytosis by Dog Blood in Groups Given in 
Table 1, and Probabilities, P , of Differences Being Dub 
TO Errors of Random Sampling. 


Minutes of contact between blood and bacteria. 



to 

! 3. 

! 


6. 

i 

1 

9. 


12. 


15. 


1 

o 

u 

o 

d. 

B 

d. 

p. 

d. 

B 

1 

d. 1 

p. 

1 

d. j 

P. 

Immune dog blood com- I 
pared with normal dog blood 

II-I 

7.65 

0 

7.89 j 



0 

10.48 

i 

0 , 

9.86 


Normal dog blood plus im- 

mune horse serum, com- 
pared with normal dog blood 

f 

in-i 

4.32 


1 

9.85 j 


\ 

17. 2S 


1 

20.04 

0 

23.67 



Relative deviate = d = 


iU - Ml 


V ZiL + ZjS 

Vj A'l 


The phagocytosis determinations are considered in three groups : 
Group I includes all determinations up to and including 96 hours 
after intrabronchial infection. Since no antibody response was 
detected up to this time, all these determinations are classed as 
upon “normal” dog blood. Group II includes all determinations 
upon dogs during the period when humoral immunity was well 
established, that is, from the eighth to the fourteenth day of infec- 
tion, inclusive. Group III includes determinations upon dog blood, 
not of itself possessing immune antibodies, but with antipneumo- 
coccus horse serum added in a final dilution of 1 to 50. The 
percentages of neutrophils containing ingested bacteria are given 
separately in Table 4 for each time interval. N is the number of 
determinations in each category, 31 the arithmetic mean and <t the 

3 1 . « ,« ^ -g-r . 1 ^ . 


c . v . = 100^^%. 

As compared with measurements of the sort more commonly given 
statistical treatment, the scatter of our values, as reflected in the 
standard deviations, is found to be great. It may be said, however, 

* Wc are indebted to Dr. Louis Liebennan for permission to publish data on these 
dogs at this time. 
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that the system under consideration is a particularly sensitive one, 
subject to great influence in one direction by traces of phagocytosis- 
promoting substances in the serum, and in the other direction by 
the inhibiting action of traces of bacterial specific soluble substances 
(Fig. 2,B,C,D). The conditions, moreover, were only average 
laboratory working conditions; at least 4 different observers, for 
instance, were engaged in counting the phagocytes, and individ- 
ual differences in interpretation are unfortunately by no means 
impossible. 

The coefiicient of variation is seen to decrease in each group as 
the time of contact between blood and bacteria increases from 3 
and 6 minutes to 12 and 15 minutes. This substantiates the impres- 
sion of the workers that errors in time of sampling were relatively 
great at the shorter time intervals. With a test object which was 
not altered within the phagocyte, greater reliability was, therefore, 
obtained at the longer intervals. When intracellular digestion 
occurs, however, as with erythrocytes (Fig. 2, F), tj'phoid bacilli^ 
and certain other cells, observations at a longer time interval alone 
may be very misleading. 

In Table 5 the significance of the differences between the several 
groups are examined for statistical significance. The relative 
deviate, d, is determined from the formula. 

Ml - Mi 

di, 2 = — p====r==r. 

V Ni Ni 

The probability, P, that any given deviate may be due to errors 
of random sampling rather than to real differences inherent in the 
groups may be obtained from a suitable table of probability integ- 
rals.^^- In the present data, values of P are infinitesimally small 
in all cases, even in that of the deviate betAveen Groups III and I 
at the 3-minute interval, in which case there are about 8 chances in 
a million that the difference observed might be due to sampling 
error. 

The method of determining phagocytosis described, therefore, 
shows differences between these samples of normal dog blood, blood 
of actively immune dogs and normal dog blood plus immune horse 
serum Avhich more than adequately satisfy the criteria for statistical 
significance. 

Summary. A method for direct determination of the phagocytic 
power of Avhole blood or plasma-leukocyte mixtures, human or 
animal, is described. The following features are designed to elimi- 
nate sources of error in current methods: (a) Replacement by 
heparin of anticoagulants which combine with calcium. (5) A 
technique for collecting leukocytes from small samples of blood with 
a minimum of mechanical or chemical manipulation, (c) Provision 
of an agitator to provide continuous mixing of phagocytes and test 
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objects, (d) Determination of percentage -phagocytosis as a func- 
tion of time. 

Examples are given of the application of this method to a variety 
of problems, e. g., titration of the phagoc^osis-promoting action of 
therapeutic serum, detection of antibodies following infection or 
vaccination, the relative resistance to phagocytosis of different 
bacterial strains and inhibition of phagoc^osis by soluble bacterial 
products. 

The blood of a patient with eosinophilia examined by this method 
showed phagocytosis by eosinophils, which was, however, quan- 
titatively inferior to that by neutrophils in the same blood. 

The opsonization of human erythrocytes by human sera of 
incompatible types, described by Schiff, has been confirmed. 
Intracellular lysis and digestion of ingested erytlu’ocytes has been 
observed. 

The reliability and significance of results obtained with the blood 
of dogs during the course of experimental pneumococcus infections 
are examined statistically. 

We would e.xpress our appreciation for valuable technical assistance to Miss Mary 
Connors, Miss Ethel Conway and, especially, to Mr. David Lackman. 
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Interest in the therapeutic use of various tissue extracts for 
circulatory diseases originated from the work of Frey and Kraut, 
in 1926, who isolated a substance from urine which lowered blood 
pressure when injected intravenously into animals. This sub- 
stance was subsequently named kallil^ein (later padutin) and was 
found by Frey^ to inhibit the pain of angina pectoris and inter- 
mittent claudication, and to lower blood pressure in cases of hj’per- 
tension when administered intramuscularly to human beings. Later 
Frey® found that the fluid from a pancreatic cyst had similar proper- 
ties, and concluded that the effects of kallikrein were attributable 
to a hormone present in many tissues but elaborated in the pancreas. 
Gley and Kisthinios, and later Wolffe, Findlay and Dessen, described 
extracts of pancreatic tissue which gave therapeutically similar 
results. J. S. Schwarzmann prepared an extract of skeletal muscle, 
which he called mj'’oston, and reported improvement in cases of 
angina pectoris after injecting it intramuscularly. M. S. Schwarz-, 
mann noted marked improvement in 3 cases of intermittent claudi- 
cation after treatment with myoston. In small series of cases in 
which there was occlusive disease of the arteries of the leg and 
intermittent claudication, pancreatic tissue extract has been reported 
to have increased the walking distance, but controlled tests before 
medication was used were not mentioned. This effect on tolerance 
to exercise has been considered to be the result of vasodilatation. 
Experimental work in animals has shown that pancreatic extract 
and kallikrein produce a transient fall in blood pressure when 
injected intravenously, and cause dilatation of the coronary arteries 
when perfused into a rabbit’s heart;^ however, when perfused 

* Read before the Section on Pharmacology and Therapeutics at the Eighty-fifth 
Annual Session of the American Medical Association, Cleveland, Ohio, June 11 to 
15. 1934, 
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through the arteries of the leg of a rabbit, Nuzum and Elliot noted 
vasoconstriction. Topical applications of pancreatic tissue extract 
cause vasodilatation in the frog’s foot and inhibit the effect of 
epinephrin on dogs when injected intravenously.^^ The physio- 
logic properties have been felt to be distinct from histamin and 
cholin*^ and from adenosin.® 

It is noteworthy, however, that both the pancreatic tissue extract 
and myoston are undoubtedly mixtures of various organic com- 
pounds, and that when used therapeutically they have been injected 
intramuscularly, and not intravenously or by perfusion. Nuzum 
and Elliot were unable to demonstrate vasodilatation in animals 
after intramuscular or subcutaneous injections of kallikrein. Actual 
evidence is lacking that the therapeutic effects observed in cases of 
intermittent claudication are due to vasodilatation. 

Intermittent claudication is one of the most constant and sig- 
nificant symptoms seen in medical practice. It results from the 
occlusion of the larger arteries of the extremities, due either to 
thromboangiitis obliterans or to arteriosclerosis obliterans in 90% 
of our cases. Patients describe intermittent claudication as a pain, 
ache, cramp or sense of extreme fatigue localized in certain muscle 
groups and induced by a certain amount of muscular exercise. If 
the exercise is continued, muscular spasticity and weakness, and 
sometimes true cramp, are added to the pain. This pain or sense 
of fatigue is never present during rest, and it is relieved in a few 
minutes by cessation of the muscular effort without change in pos- 
ture. The amount of muscular effort necessary to produce inter- 
mittent claudication is remarkably constant during any one phase 
of the individual’s disease. 

We have studied the effects of pancreatic tissue extract, of two 
types of skeletal muscle e.xtract and of adenosin, on intermittent 
claudication. The cutaneous temperature of the digits was meas- 
ured in a room of controlled temperature, to determine whether 
significant vasodilatation occurred. 

In order to evaluate the effect of the various tissue extracts, it 
was necessary to have a standardized test for claudication. Our 
test is as follows: After a rest of one-half hour, the patient walks 
on a le^'el floor, with one of us as a pacemaker, at the rate of 120 
steps per minute, until sufficient distress occurs to cause him to 
stop. The time elapsed from the beginning of the walk until 
cessation of it is designated as the “claudication time.” Although 
this involves a factor of subjective sensation in determining the 
end point, objective evidence, such as limping, muscular weakness 
or spasticity usually precedes this end point. Sixteen patients 
with occlusi^'e arterial disease were tested repeatedly on various 
days in the same einflronmental temperature and have shown an 
average variation of only 10% from their shortest claudication 
time. The maximal variation was 20%. The claudication time 
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was determined and frequently was verified 2 or 3 times before tlie 
extracts were given. The extract was then injected into the triceps 
muscle of the arm; hot, moist towels were applied and the muscle 
was gently massaged. 

Pancreatic Tissue Extract. The first extract studied was the 
insulin-free pancreatic tissue extracts,* which Wolfte previously had 
described and standardized bj’^ means of its power to neutralize 
epinephrin. The dose was arbitrarily fixed at 3 cc., as this seemed 
to give the maximal effect in the majority of cases; however, in a 
few instances a greater effect was noted after injection of 4 or o cc. 
Some variation was noted in tlie potency of the various lots of this 
extract. 


Thrombo-anqiitis obliterans 



0 Control 

■ After Intramuscular injection of 5 c.c. pancreatic tissue extract 

Rig. 1. — Effect of pancreatic tissue extract on intermittent claudication in twenty- 
four cases of thromboangiitis obliterans. 


We have previously reported’’-® the effect -of this extract on 
22 patients with definite occlusive arterial disease of the legs. 
Since that time we have tested 33 additional patients (Figs. 1 and 2). 
In the entire series of 55 cases, the diagnosis of arteriosclerosis 
obliterans had been established definitely in 20 cases, and thrombo- 
angiitis obliterans in 35 cases; all of the patients had topical inter- 
mittent claudication. The results for the entire series have been 
similar to those noted in the original 22 cases. Definite lengthening 
of claudication time was noted in 50 (92%) cases, and the average 
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claudication time for the entire group was increased 1.85 times. 
The average results were slightly better in the group of cases of 
thromboangiitis obliterans than in the group of cases of arterio- 
sclerosis; in the former, the increase, as compared with the control 
test, was 1,98 times, and in the latter, 1.65 times. In 6 cases no 
claudication was produced after 20 minutes of standard walking. 
The poorest results were noted in cases. in which the control claudi- 
cation time was short and in which marked degrees of arterial 
insufficiency of the legs were present. Generally, definite impro^^e- 
ment was noted IJ to 2 hours after the injection, but the maximal 
improvement usually occurred after 24 hours. The increased 
claudication time was maintained for from 2 to 7 days, usually 
4 daj'S, after which there was gradual return to the original claudica- 
tion time. 


APterio-scleposis oblitcpans 



f23 Control 

■ After intramuscular injection of 3 cc. pancreatic 
tissue extract ‘ 


Fig. 2.— Effect of. pancreatic tissue extract on intermittent claudication in 9 cases 

of arteriosclerosis obliterans. 


Extract of Skeletal Muscle (Myoston),* The skeletal muscle ex- 
tract was prepared according to the method of J. S. Schwarzmann, 
and it was standardized on the basis of its content of adenosin 
phosphorie acid, 1 cc. containing 2.5 mg. hlyoston was given 
intramuscularly, by the same technique as that employed in giving 
the pancreatie extract, to 13 patients, 5 of whom had arteriosclerosis 
obliterans and 8 thromboangiitis obliterans. All of them had 
constant, intermittent claudication. The results which are given 
in Fig. 3 were similar in effect and in duration of effect to those 
following use of the pancreatic extract in the cases of thrombo- 
angiitis obliterans. In all, there was definite lengthening of the 
claudication time; the average was 2.1 times the control average, 
Howe\'er, in only 1 of the 5 cases of arteriosclerosis was any marked 
lmpro^•ement noted. 

Myoston was administered orally in amounts of from 5 3 to 16 cc 
over periods of from 1 to 3 days, to 8 patients; 2 with arteriosclerosis 

* Myoston: Dr. George Henning (Cliem. u. pharm. Fabrik), Berlin. 
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obliterans and 6 with thromboangiitis obliterans. Definite increase 
of claudication time occurred in 75 per cent of the cases, and the 
average claudication time was 1.8 times that of the control test 
(Fig. 4). This effect did not last more than 2 days. 


Arterio-sckrasis obliterans Thrombo-anmitis obliterans 



0 Control ■ After intramuscular injection of c.c. myoston 


Fig. 3. — Effect of skeletal muscle extract (myoston), injected intramuscularly, 
on. intermittent claudication in arteriosclerosis obliterans and thromboangiitis 
obliterans. 


Ariei'io sclerosis 

obliterans Thrombo-angulis obUtcrans 



El Control ■After oral administration of myoston 

Fig. 4. — Effect of skeletal muscle extract (myoston), administered orally, gn intermit- 
tent claudication in arteriosclerosis obliterans and thromboangiitis obliterans. 
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Muscle Adenosin Phosphoric Acid. More recently we liaye 
studied the effects of another muscle extract, muscle adenosin 
phosphoric acid (M.A.P.), obtained from the same source as myo- 
ston. This extract was administered intramuscularly in_ doses of 
20 mg. in a 1% solution to 4 patients, 2 with arteriosclerosis obliter- 
ans and 2 with thromboangiitis obliterans; all of the patients had 
intermittent claudication. The effects are shown in Fig. 5. Defi- 
nite lengthening of claudication time was noted in all the cases, but 
the average was only 1.6 times the control claudication time. 

Adenosin. It has been suggested that adenosin or adenosin 
phosphoric acid was the active portion of all of these extracts. 


Arterio-sderosb Throrabo-angiilis Arterio-sderosu 
oMlterans oblitEraas obliterans Thrombp-aneutis obliterans 



0 Control 0 Control 

■ After intramuscular injection ■ After intramuscular injection of adenosin 
of ZO mit muscle adenosin 
pfiosplioric acid (MAPI 

Fig, S. — Effect of muscle adenosin phosphoric acid and adenosin on intermittent 
claudication in arteriosclerosis obliterans and thromboangiitis obliterans. 

We tested the effect of pure adenosin given intramuscularly in 
physiologic solution of sodium chlorid, in amounts of from 5 to 
20 mg. It was given to 7 patients, 2 with arteriosclerosis obliterans 
and 5 with thromboangiitis obliterans (Fig. 5). In 2 cases of the 
latter group lengthening of the claudication time did not appear. 
The average increase was 1.4 times that of the control claudication 
time. Thus, the average results with adenosin and muscle adenosm 
phosphoric acid were slightly inferior to those with pancreatic tissue 
extract, which has a very small content of adenosin phosphoric 
acid. 

None of the patients tested with any of the extracts had untoward 
effects. There was usually moderate pain of short duration at the 
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site of the injection, but there were no chills, fever or evidences of 
histamin-like or foreign protein reactions. 

Effects on Surface Temperature. The effect of pancreatic tissue 
extract on the cutaneous temperature of the toes, as a measure of 
vasodilatation, has been negligible in our experience. In 3 cases, 
temperatures of the skin were observed for 24 hours, immediately 
before and immediately after administration of 3 cc. of the extract. 
The curves were practically identical. In 12 other cases, in which 
the cutaneous temperatures were observed, during a control period, 
and for at least 2 hours after administration of tlie extract, the 
maximal rise was 2.9° C., and this lasted only 1 hour; the average 
rise was 0.8° C. In 3 cases, in which similar tests were made after 
intramuscular administration of myoston, the maximal rise was 
1.6° C. and the average 0.3° C. In 2 of 3 cases, following admin- 
istration of muscle adenosin phosphoric acid, there was definite 
vasodilatation, shown by a transient rise of 3.2° C. This may 
have been due to the greater content of adenosin, for in 3 cases in 
which pure adenosin was given the rise in temperature was 4.6° to 
8.2° C. This vasodilatation lasted only 1 to 2 hours, and on tlie 
following day, when tlie cutaneous temperatures had returned to 
their basic levels, the claudication time was most greatly increaoed. 
In 4 cases in which repeated tests were made, botlr as to claudication 
time and cutaneous temperatmes, eacla of the patients received 
several, or all, of the different extracts, with definite increase in 
claudication time. There was absolutely no correlation between 
claudication time and the cutaneous temperatures. 

It has been our experience that definite vasodilatation does not 
significantly affect intermittent claudication. In 2 cases in which 
tests were made before and during artificially induced fever there 
was no increase in claudication time. In both of these cases there 
was definite increase with the extracts. Even after extensive intra- 
venous treatment with typhoid vaccine, little effect has been noted 
on intermittent claudication.^ In 1 case increase in claudication 
time was not noted either after 20 gr. (1.3 gm.) of theobromin, 
given orally, or later, after 0.2 gm. of theophjdlin ethylenediamin, 
given intravenously, both of which produced definite vasodilatation. 
However, a 200% increase in claudication time was tlien noted 
after 16 cc. of myoston had been given by mouth over a period of 
2 days. In 1 case, no difference in claudication time was noted 
during tests before, and 4 weeks after, lumbar sjnnpathetic ganglion- 
ectomy, which caused a sharp increase in surface temperature, but 
there was a 100% increase after 3 cc. of pancreatic tissue extract 
had been given intramuscularly. 

Comment. We feel that results of this study have confirmed, by 
actual measurement of work done, the opinions of certain previous 
investigators that pancreatic tissue extract and myoston, given 
intramuscularly, do inhibit or delay intermittent claudication in 
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the great majority of cases in which it occurs. The exact compo- 
nent of the extracts responsible for the effect is not Imown, but must 
be common to both the pancreas and skeletal muscle. In the 
present state of knowledge, the method of action also seems obscure. 
It has been our experience that the extracts have little or no effect 
on the pretrophic pain, or on the pain which results from the ulcera- 
tion and gangrene which occurs in occlusive arterial disease. This 
seems to exclude analgesia. We cannot concur with the beliefs of 
previous investigators that in intermittent claudication the thera- 
peutic effect of these tissue extracts, when given intramuscularly, 
is the result of vasodilatation. We have not demonstrated that 
definite index of the vasodilatation, .namely, significant rise in 
cutaneous temperature, and the effects on claudication far exceed 
those observed after definite vasodilatation produced by drugs, 
sympathectomy or artificially induced fever. It seems probable to 
us that the therapeutic effect consists in supplying some substance 
to the actively contracting muscle which it cannot obtain in suflS- 
cient concentration, with a restricted supply of arterial blood. 
The evidence is not conclusive that adenosin phosphoric acid is 
the active substance, but it may have a similar action. Further 
studies are being carried out on this phase of the problem. 

From the practical standpoint, the therapeutic value of the tissue 
extracts in peripheral arterial disease seems to us to be restricted 
to those cases in which intermittent claudication is the chief symp- 
tom and trophic lesions are not present. Individual testing is 
advisable in all cases, to note the extract and dosage that will 
give the optimal effect. Most patients seem to do satisfactorily 
on one injection a week. We have noted, in a number of cases, 
that after a series of 8 to 16 weekly injections of one of the extracts 
the improvement w^as maintained for several months. If myoston 
is administered by mouth it is necessary to give it at least on 
alternate days in fairly large doses, and the cost of a sufficient 
amount to maintain the effect over periods of time is almost pro- 
hibitive at present. 

Summary. Definite lengthening of the time necessary to produce 
intermittent claudication during a standard claudication test was 
noted in 92% of a series of 55 cases of thromboangiitis obliterans 
and arteriosclerosis obliterans, following intramuscular injections 
of pancreatic tissue extract. Similar effects were noted in all of a‘ 
series of 8 cases of thromboangiitis obliterans after intramuscular 
administration of myoston, a skeletal muscle extract. In only 1 of 
5 patients with arteriosclerosis obliterans was an increase in claudi- 
cation time noted after myoston had been given intramuscularly. 
In 75 per cent of a series of 8 cases of intermittent claudication, in 
which the patients received myoston orally, an approximately 
equal, but more transient, effect was noted. Definite, but less 
strilcing increases in claudication time were noted in 4 cases in 
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which patients received muscle adenosin phosphoric acid (M.A.P.) 
intramuscularly and in 4 cases in which patients received adenosin 
intramuscularly. 

Evidence is presented to show that these effects are not the result 
of vasodilatation but are the result of some direct action on the 
contracting ischemic muscles. 
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A STUDY OF THE SPUTUM IN PULMONARY ASBESTOSIS. 
By Robert C. Page, B.A., B.M., 

BE8IDBNT PHTSICIAN, PRESBYTERIAN HOSPITAL, PHILADELPHIA, PA.; RECENT RESEARCH 
ASSISTANT TO PROF. M. J. STEWART, LEEDS, ENGLAND. 

PHILADELPHIA, PA. 

(From the Department of Pathology and Bacteriology, the University of Leeds.) 

So much has been written on pulmonary asbestosis during the 
few years which have elapsed since its first recognition (Cooke, 
1924, 1927; Stuart McDonald, 1927; Merewether, 1930; Lynch 
and Smith, 1930; Kruger et al., 1931; Ellman, 1933) that only a 
brief introductory statement is necessary here. The disease is a 
slowly progressive fibrosis of the lungs due to the inhalation of 
asbestos dust. The fibrosis is widespread, mainly basal and sub- 
pleural in distribution, and leads ultimately to such extensive 
destruction of the parenchyma that the most serious functional 
disability results. Death is usually brought about by some inter- 
current infection, tuberculosis, influenza, or some form of pneu- 
monia. The length of exposure to dust has varied within wide limits, 
but it is clear that gross disease may follow even as short an exposure 
as 18 months, provided the dust concentration has been sufficiently 
high, A certain interval of time must elapse before the disease 
seriously manifests itself, possibly a period of 7 years (Merewether, 
1933-1934). At a certain stage of its development the disease 
can be diagnosed with great assurance on clinical and radiological 
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examination, the more so as a clear industrial history of exposure 
to asbestos dust is almost invariably available. In the earlier 
stages of disordered function it may be possible only to suspect 
that a lesion is developing. 

The Asbestos Body. This has attracted much attention since it 
was first adequately described and its probable significance pointed 
out by Stuart McDonald (1927). A detailed description is given 
by Glojme (1932). The bodies are formed in the lung aveoli by the 
deposition around individual asbestos fibers of an iron-containing 
silica gel, derived partly from the fiber, partly from the surrounding 
fluids. They are highly characteristic in form, while presenting 
considerable individual variation. The two chief varieties are: (1) 
a spindle-shaped elongated form, very slender in the center and 
swelling gradually to bulbous extremities, and (2) a beaded form, 
with the smallest elements in the center and a gradual increase in 
size to large terminal knobs. In the latter form, the central core 
of asbestos fiber can often be made out very clearly, especially if 
the body has been fractmed, as often happens. The bodies, which 
range in size from a few up to several hundred microns, vary in color 
from pale green through golden yellow to deep brown, depending 
mainly on their size. They give the Prussian blue reaction with 
corresponding grades of intensity. 

The bodies were first observed in sections of the lung, where they 
occur singly, in small groups and in radiating clumps in the alveoli, 
or embedded in the fibrous tissue of the grossly diseased areas. 
They were next recovered from lung juice obtained by exploratory 
puncture of the chest during life (Stewart and Haddow, 1929) and 
finally these observers were able to demonstrate their presence in 
the sputum of asbestos workers. Later Stewart, Tattersall and 
Haddow (1932) recovered clumps of bodies similar to those seen in 
the lung alveoli postmortem from 2 cases of asbestosis, one ad- 
vanced and since dead of the disease, the other moderately advanced. 
They suggested that the presence of such clumps meant disintegra- 
tion of lung tissue and was of much greater significance than the 
finding of individual bodies, which merely indicated that there had 
been exposure to asbestos dust. 

Personal Observations. The following observations are based partly 
on Professor Stewart’s collected material, partly on a reinvesti- 
gation of the cases which he had pre\dously examined, and partly 
on a few new cases first seen during the first half of 1934. Thirty- 
eight individual cases have been studied, and a large number of 
specimens of sputum examined. 

Of these cases 11 have died and in 10 the presence of asbestosis 
was confirmed postmortem. In 6 cases there was superimposed 
pulmonary tuberculosis, in 2 a terminal acute bronchitis and in 1 
the proximate cause of death was influenza. In 1 case death fol- 
lowed pregnancy and parturition and in 1 (Case 14) an abdominal 
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operation. In this case no autopsy was obtained. Of the survi\dng 
cases, 2 are now acutely ill with pulmonary tuberculosis, 2 are 
doubtfully tuberculous, while 9 are apparently uncomplicated cases 
of pulmonary asbestosis of considerable and progressive severity. 
Four others present evidence of mild asbestosis. Adequate informa- 
tion is lacking in regard to 7 of the remaining 10 cases, while the 
other 3 are in excellent health. Of these, 2 are office employees 
and the third was employed in an asbestos factory only after the 
introduction of modern methods. In consequence she was exposed 
to a minimum amount of dust. 

Detailed examination of these cases has been going on at varying 
intervals for a period of 5 years. Several have been recehdng 
medical attention for indefinite periods and the sputum has been 
examined at intervals when conditions permitted. Patients with 
pulmonary asbestosis are extremely susceptible to chest colds and 
coughs, particular!}^ so during the damp winter months. It is upon 
such occasions that the ever-present cough becomes productive 
and that sputum maj'^ be obtained for examination. 

The best time to obtain a specimen is in the morning owing to 
the accumulation of mucus overnight. The tjqie of sputum varies: 
usually in an uncomplicated case it is very thick and tenacious and 
when allowed to stand develops a very disagreeable odor. When 
tuberculosis is associated, pus and streaks of blood are not infre- 
quently present. The consistency in many cases is not imiform; 
clear, thin, watery mucus, when present, tends to settle out from 
the underlying thick and stringlike portion. 

In conjunction with this work complete clinical and radiologic 
examinations have been done wherever possible. In the developed 
disease dj^spnea and cough are the ever-present and progressive 
symptoms. Physical signs are for the most part localized to the 
region of the lower chest. Roentgen ray examinations invariably 
confirm the findings on physical examination, and when taken at 
infrequent intervals illustrate a definite bilateral progressive, mainly 
basal, fibrosis, with characteristic signs of old plem-isy, hazy dia- 
pliragmatic margins, and so on. Complications in the nature of 
upper respiratory infections, bronchitis, bronchiectasis, empyema, 
pneumonia and especiali,y tuberculosis, aggravate tire symptoms to 
a notable degree, with greatly increased debilitation of the patient 
and evidence of right heart failure. In all cases the sputum has 
been examined for the presence of asbestos bodies (including clumps) 
and tubercle bacilli, and in a small group of .6 cases a special search 
for elastic tissue has been made. 

Technique for Demonstration of Asbestos Bodies. The method orig- 
inally suggested by Stewart and Haddow (Stewart, 1929) consisted in adding 
to selected portions of the sputum an equal quantity of antiformin. Follow- 
ing gentle agitation in a test tube and the addition of 4 or 5 times the volume 
of water, the mixture is placed in the incubator at 37° C, for some hours. 
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The superuatant fluid is uow poured off and the last 10 to 15 cc. c^tiifuged 
for 5 or 10 minutes. The supernatant fluid is again poured off and the Pre- 
cipitate, by means of a very fine pipette, is placed on albuminized slides. 
The films are dried, fixed and washed, and mounted in Canada balsam. 

Simson and Strachan (1931) suggested a direct method. . Thick films of 
the mucoid portion of sputum were made and dried in a paraffin oven at 
54° C. These were fixed until saturated mercuric chlorid solution and sub- 
sequently stained with hemato.xylin and eosin. These workers concluded 
that "it was as easy to demonstrate bodies in the direct film as in the anti- 
formin method” and recommended its use as showing both the cytology of 
the specimens and the intracellular development of the asbestos bodies. 

Gloyne (1931) describes a method in which ammonium sulphate replaces 
the hematoxylin. After antiformin digestion and centrifugation the anti- 
formin is pipetted off and replaced by 5% ammonium sulpbid. The bodies 
as a result are colored black. The author recommends this method because 
it allows the minute details of the body to be clearly seen, wliile the central 
core of asliestos fiber can readily be observed extending between adjacent 
segments of the asbestos body. 

Dr. Norah Schuster (EUman, 1930-1931) uses the follonung simple wet 
method; The sputum is mixed with an equal quantity of 4% sodium 
hydroxid and left in the incubator until the mucus is dissolved (about 1 
hour usually). Following centrifugation a wet film of the deposit is e.xam- 
ined directly without staining . 

The method used in the present study (Stewart, 1934) is substantially 
the same as the original. 

Technique for Demonstration of Elastic Tissue, The sputum was pre- 
pared for staining by the method of Gentz and Bennet (1931). Three or 
4 cc. of selected portions of sputum are placed in a centrifuge tube and 2 or 
3 times this volume of 3% caustic potash is added. It is then shaken ener- 
getically until the mixture is homogeneous. Heat to the boiling point is 
now applied. Rapid cooling follows and the mixture is centrifuged for i to 
1 minute. The supernatant fluid is poured off and the deposit placed on 
albuminized slides and allowed to dry. After being fixed with heat the 
films are carefully washed to remove the caustic potash. 

Two methods of staining have been used for the demonstration of elastic 
fibers, one a modification of Barth’s method (Calmette, 1928), the other a 
variant of Eappaport and Ellison’s (1928-1929) modification of Weigert’s 
stain. In Method I, Barth’s orcein stain is heated to 55° C. and the slides 
immersed. They are kept at this temperature for from 1 to 2 hours, and 
are then washed in water, differentiated in acid alcohol (2 to 3% hydro- 
chloric acid in 95% alcohol), washed again in water, dehydrated in abso- 
lute alcohol, cleared in xylol and mounted in Canada balsam. The elastic 
fibers are stained a dark reddish purple. 

In Method II, the films are irnmersed in Weigert’s stain, as prepared by 
Rappaport and Ellison, for a period of 20 minutes, following which they are 
washed in water, differentiated in acid alcohol (2 to 3 % h 3 ^drochloric acid 
in 95% alcohol), washed again in rvater, dehydrated in absolute alcohol, 
cleared in xylol and mounted in balsam. Elastic fibers are stained a deep 
blue-black. 

The relative merits of these two methods of staining are as follows: The 
stain as used in the Barth method is relatively easier to prepare, and once 
prepared can be used for an unlimited time, while the modified Weigert’s 
stain, besides being far more difficult to prepare, tends to deteriorate much 
more quicklj^. On the other hand it stains elastic tissue in 20 minutes, 
whereas the modified Barth method takes from 1 to 2 hours. The final 
result IS equally efficient and each can be used as best fitted to the individual 
laboratorj'. 
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Table 1. — ^List op Cases. 


Cose No. ij 

Sex and age (yrs.). 

Duration of exposure to 
dust (yrs.); nature of 
work. 

Interval since leaving 
employment (yrs.). 

Interval since first expo- 
sure to dust (yrs.). 

Clinical diagnosis 
at time of sputum examination. 

SB 

S.2 

« s 

O 3 

S a 

3 w 

a 

Sputum. 

... 

Bodies. 

Clumps, 

Tubercle bacilli. 

I 

F 

4 

2 

6 

Always subject to catarrh; Roentgen ray negative 






25 

Mattress 



for both tuberculosis and asbestosis. 

3 

— 





snaking 



No definite Roentgen ray evidence of asbestosis. 

4 

— 

— 







Now, 2 years later, apparently in excellent health. 





2 

M 

3 

3 

6 

Very mild fibrosis; continuous dry backing cough. 

2 

+ 

— 



34 

Spinner 








3 

M 

7 

Still 

7 

Excellent health; no cough. 

2 

+ 

— 

— 


36 

Office 

empl. 









worker 








4 

M 

10 

Still 

10 

Excellent health; no cough. 

5 

+ 

— 

— 


28 

Office 

cmpl. 


Now, 5 years later, still in excellent health. 







worker 








5 

F 

10 

Still 

10 

Cold; cough; gastritis; thought to be due to asbestos 






27 

Spinner 

cmpl. 


dust; definite jaundice. 

5 

— 

— 

— 






Pulmonary asbratosis. 

10 

+ 

— 


6 

F 

6 

4 

10 

Definite progressive basal fibrosis. 

0 

+ 

— 

— 


27 

Teaser 








7 

M 

0 

} 

10 

Pulmonary tuberculosis superimposed on asbestosis. 

9} 

++ 

+ 

4- 


30 

Every 



Confirmed postmortem 7 months later. 





s 

M 

dept. 

9 

4 

13 

Bilateral asbestosis with associated tuberculosis. 






45 




Confirmed postmortem 1 year later. 

12 

4*4- 

+ 

— 

0 

M 

13} 

Still 

14 

Bilateral nulmonary asbestosis with suggested 






37 

Associated 

empl. 


Buperadded tuberculous infiltration of upper rone 







with much 

clerk 


of right lung. 

14 

++ 

+ 


10 

M 

UuflL 

12 

3 

15 

No data. 

12 

++ 

— 

— 
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Died of pulmonary asbestosis with superimposed 










tuberculosis 3 years later; confirmed postmortem. 





11 

f 

11 

3 

16 

Advanced pulmonary asbestosis, bronchitis and 






31 

Mattress 



cardiac failure; confirmed postmortem. 

16 


+ 

— 

12 

F 

maker 

15 

1 

16 

Progressive pulmonary asbestosis of moderate 






31 

Mattress 



severity. 

15 

+++ 

4" 

— 






Similar state. 

16 




13 

F 

1 

16 

17 

Bronchitis. 

17 

+ 




44 

M 

15 

1 

16 

Emphysema with dyspnea, cough and pain in 






55 




abdomen. 

12 

+++ 








Very ill; cirrhosis of livcr(?). Later laparotomy 










was done; death followed. 

15 

+++ 

— 


1*1 

M 

18 

} 

18 

Pulmonary tuberculosis and asbestosis. 

17 


— 

+ 


36 

Foreman 



Confinned by postmortem 1 year later. 







mattress 








16 

M 

maker 

6 

12 

18 

Pulmonary asbestosis complicated by tuberculosis. 

IS 

++ 

+ 

+* 

17 

43 

M 

20 



(?) Tuberculosis plus nsbcslosis. 

, . 

4- 

- 

- 


(?) 

F 

Spinner 

18 

3 

21 

Progressive pulmonary' asbestosis with cardiac 






35 




involvement. 

20+ 

+ 





maker 



Died I year later following pregnancy and parturi- 










tion. 






F 

6 

16 

22 

Eicht-sided basal pleural thickemng; dyspnea, 










cough; tubercle suspected; tuberculosis confirmed. 

20 


+ 

+ 






Primi’y pulmonary jubestosis wth superimposed 










active tuberculosis. 

22 

+++ 

4* 

4- 


?il 

17 

2 

22 

Pulmonary asbcst(»is. 

10 

++ 

— 
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Progressive pulmonary asbestosis. 

22 

+4“ 

4“ 



p 

maker 

6 

IS 

23 

Cerebral softening; acute bronchitis and broncho- 






4*) 




pneumonia with associated asbestosis. 

23 

4* 

4" 







Confirmed later, postmortem. 






1? 

19 

4 

23 

Cough, dyspnea; evidence of basal fibrosis by 






it 




Roentgen ray e.tamination. 

21 

4- 





maker 



Death from acute influenza 2 years later. 




— . 


Elastic tissue present (Cases 5, 16, 20), 
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Ta-ble 1. — List of Cases — Coniinucd. 




o 
a p 

» 3 


II. 

'•S •*^'d 
2 » ? 
is 


(O ^ I 

.tJ «** I 


ei I 

£g I 

C3 ! 


Clinical diagnosis 
at time of sputum examination. 


Duration of exposure when 
sputum examined (yrs,). 

Sputum. 

Bodies. 

m 

P. 

s 

o 

Tubercle bacilli. 

18 


_ 


24 


— 

— 

23 

'f-4' 

- 

4" 

22 

+t 

_ 


23 

+ 


— 

21 

+ 

- 

- 

26t 

■f 

.w 



27 

4-+ 

-f- 

— 

29t 

4-4' 

+ 

— 

25 

++ 


_ 

30 

■f-4- 

— 

i-h 

35 

"f'4' 

— 


26 

++ 

_ 


31 J 

++ 

— 

— 

SO 

+++ 


■ 


22 

Mattress 

maker 

4 

Spinner 

16 

Mattress 

maker 

13 

Mattress 

maker 

21 

Mattress 

maker 

30 

Cashier 


35 

ICarehouse 
man 
31 

Mattress 
maker 
, 50 

63 Fiber rope 
dept. 


2 

14 

g 

10 

2 


Still 

eropl. 


Still 

empl. 


24 

24 

25 

26 

29 

30 

35 


Mild pulmonarj’ fibrosis. 

Progressive pulmonary asbestosis. 

Pulmonary aabeatosis with tuberculosis. 

Asbestosis with extensive phthisis confirmed by 
postmortem 1 year later. 

Suggestion of pleural effusion. 

Progressive pulmonary asbestosis.' 

Two years later, advanced asbestosis, dry cough. 

Pulmona^ asbestosis. 

Uncomplicated pulmonary asbestosis of pronounced 
severity. 

Progressive pulmonary asbestosis. 

Uncomplicated pulmonary asbestosis. 

Very severe cough, dyspnea; mild pulmonaty asbes- 
tosis. 

Pulmonary asbestosis and tuberculosis confirmed 
later postmortem. 

General condition fairly good. 


35 j Fairly advanced fibrosis (Roentgen ray examination), 
I Progressive uncomplicated pulmonary asbestosis. 

50 j Advanced pulmonary fibrosis. 


t Lung juice, 

t Elastic tissue not present on repealed c.xamjnations (Cases 20, 27, 30). 


Analysis of Cases. The present study includes 38 cases of asbestos 
workers of whom 31, where full details are available, are recorded 
in the preceding table. The cases have been arranged in accordance 
with the period of time that has passed since they first became 
exposed to asbestos dust, which in several cases is not equivalent to 
the actual duration of exposm-e plus the interval since leaving em- 
ployment, since some were employed irregularly or were absent from 
work on account of cliildbirth, service overseas, etc. 

Twenty-one of the cases are males and 17 females. The age at 
which tliey began working in an asbestos factory ranges from 13 to 
p average 21, but 17 of the 31 recorded in the table began work- 
before the age of 21. The average duration of exposure is 15 years 
with a range from as low ap 1 up to 50 years. Tuberculosis was 
preset ID 8 cases, and m this group the average period of exposure 
was 9.2 years as contrasted with 16 years in the non-tuberculous 
group. Case ^8 is exceptional in that he w’as not really a worker in 
asbestos and he is therefore not included in the averages given 

Sput^ Examination. Asbesios bodies have been present in every 
case with the exception of Case 1, a wmman, aged 25, who was in 
contact with a minimum amount of dust as a mattress maker for 



50 page; spetum in puiaionaey asbestosis 

4 years, the whole period being subsequent to the abolition of the 
dry method of manufacture. She has always been subject to respir- 
atory tract catarrh, which may have been a factor in preventing 
entry of dust to the lung alveoli. With two exceptions (Gases 1 
and 5) bodies were demonstrated at every examination. In Case 5 
the sputum was negative after 5 years’ exposure but positive (a 
solitary body only) when examined after 10 years’ exposure. 

The number and tjq)e of bodies were most variable. Generally 
the large beaded or “weathered” type of bodies, deep brorni in 
color and strongly iron-reacting, were most prevalent in cases where 
the interval since the onset of exposure had been long, including 
those where a long interval had elapsed since they were last em- 
ployed in asbestos. Bodies recovered from those who had only 
been in this employment for a few years were smaller in size, paler 
in color and less strongly hon-reacting. It is clear that asbestos 
bodies in the lung slowly increase in size with the passage of time 
and become in consequence both darker in color and more strongly 
iron-reacting. 

Clumps or groups of bodies were present in 10 of the cases. Five 
of these had tuberculosis, of whom 3 have died and the other 2 are 
critically ill. One of the remaining 5 cases is doubtfully tuber- 
culous, 1 has died of pulmonary asbestosis with associated cardiac 
failure, while the remaining 3 are apparently cases of progressive 
uncomplicated asbestosis. 

In 6 cases (Nos. 5, 16, 20, 26, 27 and 30) the sputum was examined 
for elastic tissue by the methods described and a positive result 
obtained in 3. In Case 5 a solitary "weather-beaten” asbestos 
body was discovered after 10 years’ exposm'e, yet elastic tissue was 
present (Fig. 1). In Cases 26 and 30, bodies had been found on 
several former occasions but neither clumps nor tubercle bacilli; 
elastic tissue was absent from both. In Cases 20 and 27 clumps as 
well as single bodies had been found previously but no tubercle 


Legends fob Figs. 1 to 7. 

Fig. 1. — Case 5, F., age 25. Elastic tissue in sputum of asbestos n'orker. Ten 
years’ exposure to asbestos dust. Only one “iveather-beaten" body found, no clumps, 
no tubercle bacilli. X 300. 

Fig. 2.— Case 20, M., age 47. Elastic tissue in sputum of asbestos worker. 
Twenty-two years since onset of exposure (duration 17 years) . Asbestos bodies and 
clumps present, but no tubercle bacilli. X 300. 

Fig. 3. — Case 16, M., age 43. Elastic tissue in case of asbestosis with tuber- 
culosis. Eighteen years since onset of exposure (duration 6 years). Elastic fibers, 
asbestos bodies and clumps (Fig. 7) and tubercle bacilli all present. X 300. 

Fig. 4. — Elastic tissue in sputum of a pure case of pulmonary tuberculosis. X 300. 

Figs. 5 and 6. — Case 28, M., age 63. Elastic tissue in caseous material in a phthisi- 
cal cavity. Case of pulmonary tuberculosis superimposed upon asbestosis. Inten-al 
since onset of exposure 30 years. X 300. 

Fig. 7. — Case 10. Small clump of asbestos bodies in sputum, from same case as 
Fig. 3. X 300. 
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bacilli; elastic tissue was demonstrated in Case 20 (Fig. 2). In 
Case 16, clumps, tubercle bacilli and elastic tissue were all present 
(Figs. 3 and 7). These results are summarized in Table 2. 

Table 2. — Cases Examined for Elastic Tissue. 


Case 

No. 

Asbestos 

bodies. 

Clumps. 

Elastic 

tissue. 

Tubercle 

bacilli. 

5 . 

■ . . + (1) 

— 

+ 


16 . 

■ ■ . + 

+ 

+ 

+ 

20 . 

. . . + 

+ 

+ 


26 . 

. . . + 

— 



27 . 

. . . + 

+ 




30 . 

. . . + 

— 

_ 



Discussion. The findings here reported are for the most part in 
accordance with those of other workers and show that the mere 
presence of asbestos bodies in the sputum of an individual denotes 
nothing more than that he has at some time been in contact with 
asbestos dust. The actual number of bodies is likewise of little 
significance. If, however, they are consistently present in consider- 
able numbers the possibilities are that either the individual has 
been in contact with large quantities of dust over a long period or 
there is some underlying pathologic condition of the lung, leading 
to gradual liberation of accumulated bodies. This is illustrated in 
Cases 14 and 19. In the former the sputum upon repeated examina- 
tion showed large numbers of bodies, the individual in question 
having been associated at the time of examination and for 15 years 
previously with large quantities of dust. Case 19, on the other ' 
hand, also ivith numerous bodies on repeated examination, had 
only been directly exposed for a period of 6 years and had not been 
in contact with dust for 16 years at the time of examination. Clinic- 
ally there was an associated tuberculosis. 

The type of body present is of considerably greater significance 
than the number. The formation of asbestos bodies in the lung 
takes but a short time. They were found by Simson (1929) in the 
lungs of a patient who had been exposed for 2 months only, and by 
Stewart (1930) in a guinea pig after 3 months’ exposure in an asbes- 
tos factory. Once formed, they can remain in the lung for an indefin- 
ite period. In a patient of Ellman’s (1933) exposure was for 10 
weeks only, and 5 years later bodies were recovered from the sputum. 
In Case 13 of tins series, the patient had worked in asbestos for 
1 year, and 17 years later bodies were still present in small numbers. 

Reference has already been made to the ''growth” or increase in 
size of these bodies, presumably by slow diffusion out of silicates 
from the central fiber and their interaction with constituents of the 
surrounding body fluids. It follows that bodies of large size in the 
sputum indicate that these have formed around fibers inlialed 
many years before. On the other hand, small, thin bodies, though 
doubtless of recent formation, are no indication that their central 
fibers have been recently inhaled. “Young” bodies may be en- 
countered in sputum from persons who have had no opportunity 



page: SPV^mi m PUmONARY ASBESTOSIS 


53 


of inhaling dust for many years, and it is Imown that asbestos 
fibers may remain in the lung for long periods without necessarily 
becoming converted into “bodies” at all. ^ 

Another point of great importance is the so-called “weathering” 
of the asbestos body. Many of the old large bodies present a dis- 
tinctly ragged or weather-beaten aspect, often consisting, as it were, 
of widely separated irregularly shaped beads strung on the fibrous 
core. There can be little doubt that this process is associated with 
solution and disintegration of “body” substance and accounts, in 
my opinion, for the interesting finding of Fon'M^eather that the silica 
content of the fibrotic portion of the asbestos lung is much less in 
workers who have been away from dust for many years than in 
those recently or still in employment, even where the length of 
exposure has been the same. “Weathering” is probably a constant 
process in these cases, but may be accelerated by the occinrence of 
caseous or suppurative change. 

The clump-like arrangement of bodies witliin the limg alveoli 
was observed from the very outset of detailed histologic studies 
(Stuart McDonald, 1927). When the presence of clumps in the 
sputum was first reported by Stewart, Tattersall and Haddow 
(1932) it was suggested that this finding was a clear indication of 
disintegration of lung tissue, whether by a process of simple sup- 
pmative bronchopneumonia or as a result of a secondary tuber- 
culous infection. In either case it was regarded as being virtually 
diagnostic of an underlying asbestosis. In the present study, 10 
cases in which clumps were present in the sputum tend to substan- 
tiate this view. Four of them suffered from superimposed tuber- 
culosis. Two of these have died and the remaining 2 are now critic- 
ally ill. One other patient in whose sputum a clump was demon- 
strated is considered as^a probable case of superimposed pulmonary 
tuberculosis. Of the remaining 5 cases, 2 have died, 1 of cerebral 
softening, acute bronchitis and bronchopneumonia, the other of 
bronchitis and cardiac failure, both with underlying asbestosis. 
The remaining 3 are suffering witli definite progressive pulmonary 
asbestosis, fully confirmed by clinical and radiologic examination. 

IWiile the presence of asbestos clumps in the sputum is probably 
indicative of lung destruction, the converse is by no means true, 
that is, the absence of asbestos clumps affords no assurance of 
pulmonary integrity. There are many cases in the present series 
in which there has been definite disintegration of the lung and yet 
no clumps have been demonstrated in the sputum. Other possible 
fallacies exist. More prolonged and more careful examination might 
ha^^e yielded a positive result, or rouglmess in handling may have 
caused the clumps to break up. Lastly and perhaps most important, 
tlie underlying pathologic condition in the lung may have led to 
chemical or physical dissolution of the clumplike arrangement so 
that when expectorated in the midst of caseous material or pus, 
the clumps may have disintegrated into their individual fibers. 
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Gardner arid Cummings (1931) state that in guinea pigs tuber- 
culous caseation causes the asbestos bodies present to lose their 
golden-yellow color; they also fail to give a Prussian blue reaction 
and later are apparently so completely disintegrated that not even 
a supporting fiber remains. 

Elastic tissue in the sputum, irrespective of the underlying patho- 
logic condition, has long been accepted as unequivocal evidence of 
lung disintegration. Rappaport (1929-1930) mentions that elastic 
tissue may appear in the sputum of patients who present only very 
mild signs of clinical actimty. He refers to Durand, a French 
worker, who demonstrated elastic fibers in the sputum of tubercu- 
lous patients, both before and after the appearance of tubercle 
bacilli. The 3 cases of the present series in which elastic tissue has 
been demonstrated in the sputum illustrate several points of interest. 
In Case 5, the presence of the elastic fibers is difficult to explain. 
She had been exposed to asbestos dust, it is true, for the last 10 
years, and during this time it is quite possible for a progressive 
pulmonary asbestosis to have developed. Yet only a solitary 
asbestos body was found on one occasion. There was no definite , 
evidence of tuberculosis, but the possibility that this disease existed 
in an abacillary or prebacillary stage could not be excluded. In 
Case 20, the presence of elastic fibers' is associated with a rapidly 
progressive form of uncomplicated pulmonary asbestosis. In Case 
16, the presence of elastic tissue is associated with active tubercu- 
losis and clearly indicates a state of definite disintegration. The 
underlying pulmonary lesion here is probably illustrated by Case 28, 
from which Figures 6 and 7 were obtained. These show, in sections 
of the lung, elastic tissue in the midst of caseous tuberculous mate- 
rial, in a similar form to that expectorated in Case 16. 

A careful search for tubercle bacilli has been carried out in every 
sample of sputmn obtained. Positive findings were present in 6 
out of 8 cases of proven tuberculosis. The incidenee of tuberculosis 
in this series is therefore 21%, exactly the same as that recorded 
by Wood and Gloyne (1931), but less than figure given by EUman 
(1930-1931), 6 out of 17 cases. Bridge (1931) reports an incidence 
of 31.5% in fatal cases. 

Conclusions. 1. The presence of asbestos bodies in the sputum 
is indicative' merely of exposure to asbestos dust. If they are of 
large size it means that a long interval has elapsed since the onset of 
exposure. 

2. The number of bodies in any given specimen is insignificant, 
but the presence of old and weathered bodies on repeated examina- 
tions strongly suggests that a definite pathologic process is in exist- 
ence. 

3. Clumps in the sputum are definite evidence of lung disintegra- 
tion, but their absence does not mean that disintegration is not in 
process. 

4. Elastic fibers are probably indicative of rapid lung destruction. 
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5. Elastic fibers maj’’ be present in the sputum in pure pulmonary 
asbestosis both with and without clumps, or in asbestosis with 
associated tuberculosis. 

6. The routine examination of the sputum in cases of suspected 
pulmonary asbestosis is essential, as it plays a significant role in 
the clinical diagnosis. 

I ■wish to express my sincere appreciation to Professor M. J. Stewart for the use of 
his personally collected material, his friendly criticism and able ad\dce, under whose 
guidance this paper has been written, and to the British Medical Eesearch Council 
for financial assistance. 

I am also indebted to Dr. A. C. Haddow and Dr. N. Tattersall for the use of their 
clinical and radiological material, and to Mr. Lawson for his technical assistance. 
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ACETYL-/3-METHYLCHOLIN (MECHOLIN). OBSERVATIONS 
CONCERNING ITS ACTION ON THE BLOOD PRESSURE, 
SON TEMPERATURE AND THE HEART, AS EXHIBITED 
BY THE ELECTROCARDIOGRAM OP HYPERTENSIVE 
PATIENTS. 


By Irvine H. Page, M.D., 

ASSOCIATE IN MEDICINE, HOSPITAIi OF THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH, NEW YORK, N. T, 

Hunt ^vnd TAn3.\u* were the first to prepare and determine many 
of the pharmacologic properties of acetyI-/3-methylcholin. Major 
and Cline- have sjmthetized it (“mecholin”) by a process which has 
made it available in quantity. Recently studies of its pharmacologv 
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have also been carried out by Simonart,® and Comroe and Starr.'* 
Starr, Elsom, and Ileisinger,^ have made clinical investigations of 
interest; especially their observation that mecholin is useful in the 
treatment of peripheral vascular disease, that it terminates attacks 
of tachycardia, and that it reduces the level of the blood pressure 
when taken by mouth. It has therefore seemed desirable to study 
the effect of mecholin on the heart as measured by the electrocardio- 
graph, to learn whether it is of therapeutic importance in the treat- 
ment of hypertension in patients, and to ascertain its effect on the 
skin temperature. 

Description of Response to Mecholin Subcutaneously Injected Into a 
Hypertensive Patient. Almost immediately after 25 mg. of mecholin * 
were injected subcutaneously the face began to flush and tears 
poured from the eyes. The pulse became more rapid and the flush 
deepened and extended progressh’’ely down over the chest and upper 
abdomen. Respiration became deep and slower. Be^ids of sweat 
then began to appear and collected until the patient was literally 
drenched. The blood pressure which had been 210/140 mm. Hg 
fell to 96/70 mm. Hg. The patient gave a few hacking coughs and 
complained of gripping pains in the epigastrium. She found diffi- 
culty in breathing and stated that her heart was pounding in an 
alarming fashion. Saliva drooled from her mouth and she felt 
choked. The flushing and perspiration extended dovm to her hands 
and feet but did not include them; rather they appeared cold and 
slightly bluish. Vomiting occurred and the reaction was immediately 
terminated by injection of atropin (gr. tH')* patient then 
complained of being cold. 

This describes a tj^ical but severe reaction, hlost of our studies 
have been conducted employing doses of 10 mg., which produces a 
relatively mild and not seriously uncomfortable effect. It is our 
impression that hypertensive individuals respond more actively 
than do normal ones to mecholin, but that old individuals, ‘especially 
when suffering from arteriosclerosis, respond sluggishly. 

Effect of Mecholin on the Mechanism of the Heart Beat (Electro- 
cardiograph) and on the Size of the Heart, Electrocardiographic 
records were taken just before and at 2-minute intervals after the 
injection of mecholin. The most characteristic change observed 
after doses of 10 mg., though it did not occur in all subjects, was 
inversion of the T wave in all three leads. No change in A-V con- 
duction time was noted in any of the records. The rate of the heart 
(Fig. 1) was always markedly increased. Atropin (gr. jh^) 
only terminated the action of the mecholin but also appeared to 
cause the T wave to resume its upright position. Evidently the 
action of the drug is not primarily on the cardiac muscle. Mecholin 
given by mouth in dosages of 1 gm. produces no changes measurable 

* “We are very grateful to D. K. T. Major of the Laboratories of Pure Eesearcl' 
(Merck & Co.) for a large supply of mecholin. 
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by the electrocardiograph. The records were taken at 30-minute 
inten’-als for a 2-hour period. 


Table 1. — Effect of Mechoun, Sobcdtaneotjsly Administbbed, on the Heart 
AS Meashred bt Electrocardiograms. 


Patient. 

j 

Time. 



Blood pressure. 

Change in 

T wave. 

Electrocardiogram 
conduction time. 

R wave. 

other findings. 

Ti. 

Ti. 

Ts. 


3.22 

218/150 

+ 

+ 


0.16 


Left ventricu- 


3.24 

Mecholin 10 mg. 






lar prepon- 


3.26 

140/70 

+ 

+ 

— 

0.16 

Rs low voltage 

derance. 


3.28 

145/100 

-h 


— 

^ 0.16 

Bt low voltage 



3.29 

170/110 


+ 

— 

0.16 

Bi low voltage 



10.30 

196/128 

-t- 


-h 

0.15 


Left ventricu- 


10.37 

Mecholin lOmg. 






lar prepon- 









derance. 

Nov. 16th 

10.40 

140/80 


— 

— 



Ventricular pre- 


10.45 

140/84 


i 

1 


1 

ponderanoc 


[ 10.48 

140/86 

fcJa 

me 

but 

rate m 


absent. 


11.30 

160/116 



i 


ore rapid j 



10.02 

190/120 

+ 

+ 

"t* ' 

0.18 



Latent honior. 

10.04 

Mecholin 10 mg. 







Bright’s dis- 

10.05 

1 

Sa 

me 

but 

pulse 

more rapid. T 

waves Battened. 

case Nov. 20th 

10.06 

120/70 



: 


1 



1 10.08 

144/102 








10.35 

260/150 j 

+ 

+ 


0.18 


Left ventricu- 


10.36 

Mecholin lOmg.i 






lar prepon- 

Essential hyper- 

10.37 

Same i 

but 

mor 

e ra 

pid pu] 

8C 1 

derance. 

tension 

10.38 

190/120 




! 




10.40 

Same 

but 

lowe. 

r vol 

tage in 




10.41 

210/130 








10.58 

158/106 

+ 

+ 1 

D 

0.21 


Left ventricu- 


ll.OO 

Mecholin 20 mg. 



n 


1 

lar prepon- 


11.01 

110/55 


i 




derance. 

Hemor. BriRlit’s 

11.02 

90/45 

+ 

+ 


0.20 

Bt split 

Ratomore rapid. 

disease Nov, 

11.08 

80/20 

+ 




(j wave 


14th 

ll.lO 

88/48 








11.13 

80/40 








11.13 

Atropingr. 1/125 



■ 





11.20 

146/110 

i 


■ 





0.32 

204/132 

+ 

+ 

+ 

0.15 

Low voltage 



9.34 

Mecholin 10 mg. 





and split. 



9.36 

160/70 







Hemor. Bright’s 

9.37 


— 

+ 



Higher voltage. 


disease 

9.38 

iid/bb 



+ 






9.40 

Atropin gr. l/lOO 








9.42 

150/110 



+ 







j =i: 



and split. 




190/110 

+ 

-h 



0.15 




1 4.14 

Mecholin 15 mg. 








4.15 

100/60 

+ 

+ 

0 

0.18 



Hemor. Bright’s 

4.16 

Atropingr. 1/100 




0.17 



disease 

1 4.17 

108/65 








1 4.23 

Atropin gr. J/100 





j 


1 4.24 

1 150/110 








i 4.25 

1 

1 sb 


— 

O.IS 




The size of the heart studied in Roentgen ray photographs, taken 
at minute intervals for a period of 5 minutes following injection, 
shows no striking change, although after 1 minute a definite but 
small decrease followed by a slight increase was noted. The cardiac 
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IG. 1— Inversion of the T wave following mecholin injection (Patient No. 3). (1) Control period (B. P. = 190/120); (2) 2 minutes after 
10 mg. mecholin subcutaneously; B. P, = 120/70; (3) 4 minutes after mecholin; B. P. = 144/102. 
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shadow shows these changes* in size: Control, 122.2 sq. cm. ; 1 min. 
after mecholin, 110,2 sq. cm.; 2 min., 120./ sq. cm.; 3 mm., 136.6 
sq. cm.; 4 min., 130.6 sq. cm.; 5 min., 135.2 sq. cm. 

Effect of Mecholin Administered by Mouth on the Level of the Blood 
Pressure. Mecholin in doses of 0.9 gm. administered by mouth 
decreases the blood pressure slightlj'' in hypertensive subjects. 
The action is variable, in some patients no reduction occurred. 


Table 2. — Effect of Mecholin Taken by Mouth. 


Patient. 

Diagnosis. 

Time. 

2.35 

2.40 

2.45 

2.46 


Hemorrhagic 

2.56 

Conlin 

Bright’s 

3.06 


disease 

3.20 

3.30 

3.45 

4.00 

5.25 


9.30 

9.40 
9.50 

Gordon Essential 9.55 

hypertension 10.05 
10.15 
10,26 

10.40 
11.25 


, Blood pressure. 

Pulse. 

148/100 

82 

142/102 

84 

142/100 

82 

Mecholin 0.4 gm. given 


142/86 

82 

140/96 

84 

142/90 

80 

142/94 

88 

144/94 

90 

148/94 

88 

148/96 

88 

160/104 

74 

164/106 

70 

162/104 

74 

Mecholin 0.9 gm. given 


154/104 

72 

110/90 

70 

134/88 

68 

160/110 

70 

170/104 

78 


Mecholin has been given to 2 patients suffering from essential 
hypertension (blood pressure: systolic 220, diastolic 130 mm. Hg; 
and systolic 260, diastolic 150 respectively) and in 2 with hyper- 
tension resulting from hemorrhagic Bright’s disease (blood pressure: 
systolic 156, diastolic 102; and systolic 160, diastolic 110 respec- 
tively). They had remained in bed for several months and the level 
of the blood pressure had become stationary. They were well 
accustomed to experimental procedures. The measurements of 
the pressure were ordinarily made hoins after the first dose of 
mecholin. The administration of amounts of mecholin up to 2 gm. 
(divided into 3 doses) liad no effect on the level of their average 
blood pressure. Pour grams daily (divided into 3 doses) were given 
to 1 of the patients for a period of 4 days, without effect. Large 
doses may cause transient reductions but the average level remains 
unchanged in the hjqjertensive subject. 

The Effect of Mecholin on the SMn Temperature of Hypertensive 
Patients. The skin of the face and trunk when mecholin was 
administered subcutaneously, exhibited marked vasodilatation, 
but the hands and feet usually remained uninvolved. It seemed 


* The area, traced on paper, is measured with a planimeter. 
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desirable therefore to repeat this observation and to measure the 
temperature of the skin.* 

A.C. ? 



Chart I. — The effect of mecholin administered by mouth on skin temperature of 

hypertensive patients. 



Chart II. — The effect of intramuscular injection of mecholin on skin temperature 

of hypertensive patients. 


* These experiments were performed by Dr. J. Murray Steele. Dr. Steele will 
describe his modification of the Benedict thermocouple later. 
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Modified Benedict multiple thermocouples were employed for 
the purpose, placed on the chest, hands, feet, and in the rectum. 
The temperature of the room was constant, the normal fluctuations 
in the temperature of the skin were first recorded. Mecholin 10 to 
15 mg. was then administered subcutaneously. The superficial 
vessels of the face and thorax dilated maximally. A corresponding 
rise in temperature occurred. The skin of the palms and backs of 
the hands, however, as well as of the dorsal and plantar surfaces of 
the feet, exhibited slight if any significant change. Oral adminis- 
tration also appeared to have no significant effect. 

Discussion. One cannot but be impressed by the resemblance 
of the reaction to mecholin to that following the injection of pituitrin 
and pilocarpin into the cerebral ventricles. Cushing® observed 
that the injection of 1 cc. of pituitrin promptly caused intense 
flushing, profuse perspiration, lachrymation, retching and vomiting, 
salivation, marked fall in body temperature, coincidental lowering 
of the basal metabolic rate. These reactions occur in the absence of 
significant pupillary change, pilomotor action or stimulation of the 
lower bowel. The response to pilocarpin was similar except that 
(1) more marked vagal eflfect was noted with continued retching 
and vomiting and (2) the fall in body temperature was more marked 
and enduring. 

These results suggest that when these drugs are introduced into 
the cerebral ventricles they do not act on the periphery through 
the medium of the circulating blood but depend for their action on 
impulses which travel from higher centers by way of the peripheral 
nerves. The reactions are similar to those following stimulation 
of the parasympathetic centers in the hypothalamus. They resemble 
furthermore attacks observed by Penfield^ in a patient suffering from 
what he has described as “diencephalic autonomic epilepsy.” Sudden 
vasodilatation of the skin area supplied by the cervical sympathetic 
chain occurred at the initiation of the attacks. This was followed 
by lachrjTnation, diaphoresis, salivation, retardation of respiratory 
rate and rarely loss of consciousness. The irritative source of the 
attacks was an encapsulated tumor which periodically pressed on 
the thalamus of both sides. This syndrome differs from that follow- 
ing mecholin in that the blood pressure rises sharply while in the 
latter the pressure falls precipitously. 

In certain respects the reaction to mecholin differs from that 
usually observed following certain types of stimulation of the hypo- 
thalamic centers.® The first difference already mentioned lies in 
the fact that the blood pressure falls after mecholin administration, 
whereas ordinarily a rise is noted following stimulation of the hj^io- 
thalamus. Vasodilatation is, however, the more usual parasym- 
pathetic and vasoconstriction the sympathetic reaction. To what 
extent the central mechanism is involved in vasodilatation is un- 
known but it seems certain that it plays an important part. 

VOL. 189, NO. 1. JANUAKV, 1935 3 
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Table 3. — Compahison of the Signs and Symptoms Resulting fkom Mecholin 
Administbation ■with Those Resulting fhom: Stimulation of the 
Hypothalamic Centehs. 


i 

Pituitrin 1 

intraventricular, j 

! 

Pilocarpin 
intraventricular, j 

Histamin ' 
intraventricular. 

Stimulation of 
parasympathe- 
tic centers." 

Diencephalic 

epilepsy. 

Mecholin 

intramuscular. 

Slight rise in blood 

.Slight rise in 

No change 

Uncertain 

Marked rise in 

Fall in blood 

pressure 

blood pressure ^ 



blood pressure 

pressure 

Nausea 

Nausea, vomiting; 

Nausea 

Nausea, vomiimfi 


Nausea, vomiting 

Marked flush 

Marked flush 

No flush 

Marked flush I 

Marked flush 

Marked flush 

Perspiration 

Perspiration 1 

Slight perapira- 

Perspiration 1 

Perspiration 

Perspiration 



tion 




Lachrymation 

Lacbrymation 

No laobrymation 

Lachrvmation 

Dachrymation 

Laobrymation 

Salivation 

Salivation 

No salivation 

Salivation 

Salivation 

Salivation 

Temp, fall 

Temp, fall 

; SI. temp, fall 

Temp, fall 

Temp, fall 

Temp, fall 

Si. slowing of pulse 

SI. slowing of 

No change in 

Slowing of pulse 

' Increased pulse 

Increased pulse 


pulse 

1 pulse 


rate 

: rate 

No change in pupil- 

No change in pu- 


Constriction of 

I Dilatation or con- 

No consistent 

lary size 

pillary size 


pupil 

traction of pupil 

change in pupil 






Counteracted by 

atropin and tri- 

atropin 




atropin 

bromethanol 






t‘aU in basal metab- 

No m’rk’d change 

Sliglit rise 

Decrease in basal 



olism 

in basal raetab- 


metabolism 




olism 










No headache 








A second point concerns the pulse rate. Parasympathetic stimu- 
lation usually leads to slowing of the heart rate but with mecholin 
this result is either transient or is not observed at all. It is possible 
that fall in blood pressure stimulates the sympathetic system reflexly 
enough to overcome the parasympathetic effect or does so directly. 
That the vagus nerves are stimulated, however, and not the muscle, 
may be surmised from the fact that inversion of tlie T waves in the 
electrocardiogram disappears on injection of atropin. 

The peripheral dilatation of the bloodvessels is a matter of especial 
interest. It is first observed in the face, spreads down the neck, over 
the chest, but usually does not extend much below the umbilicus. 
The upper arms are involved and the legs to a much smaller degree. 
The feet and hands exhibit slight and_ transient flushing, but at 
times appear cyanotic. Active perspiration occurs approximately in 
the same areas as flushing and parallels its intensity. The reaction 
is striking; intensely red, perspiring faces and necks, distal portions 
of hands and feet often dry and dusky. It resembles that following 
the administration of amyl nitrite. Amyl nitrite, as Filehne^ showed 
many years ago, produces dilatation by acting on certain centers in 
the brain, for when the vessels from the brain are clamped, no dilata- 
tion of the vessels of the rabbits’ ears occurs, although the blood 
in the ears contains the drug. Conversely, when the circulation is 
intact and amyl nitrite is present in the cerebral blood, dilatation 
of the ear vessels occurs even if the ear is perfused with blood from 
another source free of amyl nitrite. 

Mecholin like cholin acts also on the peripheral portion of the 
vascular bed. Decerebration of etherized cats does not abolish 
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the muscarin-Iike action. The fall in pressure is indeed often greater 
than before. But such experiments on anesthetized animals are 
not comparable to those on man. 

Mecholin when injected subcutaneously into man seems then to 
have a powerful stimulating effect on the cerebral parasympathetic 
centers, presumably those in the anterior group of nuclei of the 
diencephalon— Cushing’s "neurohypophyseal mechanism,” which 
accounts for its ability to simulate so closely the signs and symptoms 
which arise either from direct electrical stimulation, from stimula- 
tion by the intraventricular injection of drugs, or from stimulation 
due to irritation by tumors. It is possible that the premotor area 
of the cerebral cortex also forms a part of the stimulated area. 
Recent data of Kennard^® indicate that this area directly influences 
the autonomic nervous system and in particular the vasomotor 
mechanism. 

The fact that dilatation of the bloodvessels occurs to a slight 
extent only in the hands and feet is a disappointment from the view- 
point of therapeutics. The rise in temperature is inconsequential 
and does not lead to the belief that marked tlaerapeutic benefit can 
be derived from its administration. Starr has observed encouraging 
results from its use in Raynaud’s disease, however. The fact that 
no marked changes occurred in the temperature of the skin of our 
patients suffering from arterial hj'pertension should not discourage 
its thorough clinical trial, as Starr recommends. 

It is surprising to discover that the reaction to mecholin simulates 
an exaggerated blush. Heightened beating of the heart, flushing 
of the skin, drenching perspiration, the Rabelaisian effect of fright 
upon the bowel, the secretion by the lachrjTual gland, all these are 
prominent characters in natural emotion. Mecholin induces this 
expression of the emotions without being accompanied by the emo- 
tions themselves. Evidently processes identified with the expression 
of emotions are secondary to or dependent on the behavior of the 
vascular and ^dsceral organs and exist or can be called into existence 
without the need, as James, Lange and Sergi thought, of experienc- 
ing the emotion itself. 

Conclusions. 1. Mecholin (acetyI-j3-methyIcholin), administered 
subcutaneously, greatly increases the temperature of the skin of the 
face and trunk of patients suffering from arterial hj'pertension; the 
hands and feet usually remain almost unaffected. Administered by 
mouth it fails to have this action. • 

2. Doses of 4 gm. taken by mouth have either no effect on the 
average blood pressure, or a slight one only. 

3. Wlien administered subcutaneously, mecholin usually causes 
inversion of the T waves of the electrocardiogram; this effect may 
be abolished by injecting atropin. Except for increasing the rate no 
other characteristic action of mecholin on the heart, as obseiu’'ed in 
the electrocardiograph, was seen. The size of the heart may first be 
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decreased and then increased briefly, the increase occurring when 
the level of the blood pressure has fallen markedly. 

4. Comparison of the clinical phenomena due to injection of 
mecholin with those observed in patients suffering from diencephalic 
epilepsy, or in patients in whom pituitrin or pilocarpin had been 
injected into the cerebral ventricles, demonstrates a striking similar- 
ity between them. It has been suggested that many of the effects 
of mecholin are due to stimulation of the diencephalic parasjnn- 
pathetic centers, and possibly the premotor area of the cerebral 
cortex. 

5. Mecholin causes most of the prominent corporal characters in 
the play of natural emotions to appear without being accompanied 
by the psychical counterpart itself. 
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SO-CALLED HEMORRHAGIC ENCEPHALITIS AND MYELITIS 
SECONDARY TO INTRAVENOUS ARSPHENAMINS.*t 

BASEB ON A REVIEW OF 158 CASES. 

By jMark Albert Gl.a.ser, M.D., 

Carlyle P. Imerman, M.D., 

AND 

Stanley W. Imerjlan, M.D., 

LOS ANGELES, CALIF. 


Central nervous symptoms secondary to the intravenous 
administration of arsphenamin were first reported in 1911 (Alm- 
k\dst/ Fischer/ Kannengiesser®). More clearly to define this clinical 
picture and its prognosis, as well as to offer some facts about its 

■* Presented before the Medical Section at the sixty-second annual session of the 
California Medical Association, Del Monte,_ Calif., April 24-27, 19.3.3. 
t. Complete bibliography in authors’ reprints. ' 
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etiology, prophylaxis and medical and surgical therapy, we have 
analyzed 155 cases from the literature and added 3 personally 
observed cases. In this analysis all questionable and borderline 
cases have been eliminated. There were 146 cases of encephali- 
tis, 8 of myelitis“^-i='’ and 4 of encephalomyelitis.i^i-i^s 
meninges were involved in 33 cases, 30 being examples of meningo- 
encephalitis, 2 of meningomyelitis and 1 of meningoencephalo- 
myelitis. There were 120 deaths (a mortality of 76%), Avith 
98 autopsies. In spite of this high mortality, these reactions occur 
infrequently, and for this reason one should not be influenced 
against the proper use of arsphenamins. Statistical studies indicate 
these reactions occur once in every 6500 cases, and once in eA'^ery 
36,000 injections. A multiplicity of terms has been used to describe 
this syndrome, such as cerebral purpura, serous apoplexy, hemor- 
rhagic encephalitis, medullary perivascular necroses, toxic myel- 
opathy and toxic myelitis. 



Table 1. — Toxic 

Reactions. 




No. of 
cases. 

Injections. 

Complications. 

Deaths. 

German, 1914>“ 

74,018 

288,942 

642 

56 

German, 19171“ 

. 265,168 

268,946 


70 

Cologne, 1920‘““ . 


225,780 

. . 

12 

Chdl England'® 

! 77, 

298,011 

77 

10 

British Military Hosp.i® 

4,887 

39,036 

126 

3 

British Military Hosp.'® 

18,500 

125,000 

250 

10 

U. S. Navy, 1925-29”' 

•8“ 16,075 

257,789 

282 

20 

Total .... 

. 456,293 

1,503,504 

1377 

181 


The above statistics show that (omitting the second and third 
series) 191,125 patients receiving 1,108,778 injections of arsphena- 
min compounds had 1377 complications. One complication 
occurred in every 129 cases and in every 804 injections. One death 
occurred in every 2699 cases and in every 14,384 injections. Of this 
total number of deaths, about 50% were due to central nervous 
system lesions. There was approximately 1 death secondary to 
central nervous system involvement in every 5398 cases, and in 
every 28,768 injections. Of the remaining 50% of deaths, most 
were caused by exfoliating dermatitis and acute yellow atrophy of 
the liver; in rarer instances, by acute hemorrhagic nephritis, ulcera- 
tive enteritis and aplastic anemia. 

Hemorrhagic encephalitis was first described by Rosenfeld,^® 
in 1903. In 1905, a more thorough pathologic investigation was 
carried out by Schmidt,^-^ who substituted the term “brain pur- 
pura.” In 1913, Oeller,^^® attacked the term “hemorrhagic enceph- 
alitis.” Alpers,^^® who revicAved the subject in 1928, believed that 
hemorrhagic encephalitis Avas a poor term because the hemorrhage 
AA’as not an important part of the process, and it was not inflamma- 
tory, as the term “encephalitis” AA'ould imply. “Brain purpura” 
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was also inadequate because the pathology was not & purpura,' but 
merely a purpuric rash. “Serous apoplexy” was not a good term 
because it did not explain the picture in all cases. He suggested 
the term “medullary perivascular necroses.” The foci of hemor- 
rhagic encephalitis have been reported in association with numerous 
other conditions, such as phosgene or carbon monoxid poisoning, 
grippe, pneumonia, tuberculous meningitis, malaria, typhus fever, 
cerebral trauma, pernicious anemia, secondary anemia, erythema 
multiforme, psoriasis, scurvy, cerebral thrombosis or embolism 
and meningovascular syphilis, or secondary to circulatory disturb- 
ance caused by hemorrhage, thrombosis and tumor. 

Case Abstracts. Case 1. — A male, aged 29, complained of sore throat 
and painful, swollen cervical lymph glands, April 10, 1932. His past and 
family histories were negative. _ Two days later, a diagnosis of Vincent’s 
angina and acute cervical adenitis was made, and he was given 0.15 gm. 
of neoarsphenamin intravenously without any reaction. On the 4th day 
after admission to hospital he was given 0.3 gm. of neoarsphenamin intra- 
venously. On the 6th day he developed a hemorrhagic nephritis, and on 
the 7th day, an intense erythema of the skin of the entire body. On the 
8th day the patient complained of a headache, vomited, became disoriented, 
irrational and comatose. He developed generalized convulsions and had a 
complete loss of sphincter control. Temperature range was 97.6° to 
104.6° r. Pulse and blood pressure withm normal limits. Neurologic 
examination on the 12th day revealed a stiff neck, bilateral Eabinski, 
positive Kernig, abdominal reflexes were absent and aeep reflexes normal. 
Pupils were contracted and did not react to h'ght. Jimdus vessels were 
congested. Laboratory reports: Urine contained albumin, numerous red 
and white blood cells and many hyaline and granular casts. White blood 
cells ranged from 6500 (38.5% neutrophils) to 24,000 (65% neutrophils). 
The blood Wassermann test was negative. The blood non-protein nitrogen 
varied from 43 to 49 mg. per 100 cc. Spinal fluid on the 12th and 13th 
days showed increased pressure, otherwise negative. Treatment was used 
for the Vincent infection, hot Epsom salt packs for the swollen lymph 
glands, morphin and codein, allonal and sodium amytal as analgesics and 
sedatives. Further treatment; 10 cc. of 10 % sodium thiosulphate intra- 
venously, 3 times daily, and 50 cc. of 50% glucose in saline intravenously, 
3 times daily, normal saline hypodermoclysis, 1% glucose solution per 
rectum and 3 lumbar punctures. Course: On the 14th day the patient 
partially recovered consciousness and recognized objects. He improved 
steadily, and on the 16th day he regained full consciousness. On the 
22d day he had entirely recovered. 

Case 2. — A male, aged 35, complained of headaches, nausea and vomiting 
on March 30, 1933. His past and family histories were negative. The patient 
had received 4 doses of arsphenamin at weekly intervals for a skin eruption, 
the exact amount not ascertainable. On the day after the 4th dose the_ pa- 
tient developed headache, with nausea and vomiting, and finally lapsed into 
a state of coma, remaining so for approximately 48 hours. The 3d day 
he developed a papular rash. He was seen on the 4th day. Neurologic 
examination revealed the patient in a stuporous condition; he could be 
aroused but quickly lapsed into unconsciousness. The pupils were slightly 
irregular, there was a failure of convergence and a lateral nystagmus on 
looking to the right. There was some difficulty in his upward gaze and a 
slight weakness of the right arm. Abdominal, cremasteric, patellar and 
Achilles reflexes were absent. Laboratory reports: Leukocytes, 4100; 
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neutrophils, 84.5%; hemoglobin, 90%; erythrocytes, 5,168,000. Uruie, 
albumin present; on 4th day, positive for bile pigment. Spinal puncture, 
clear colorless fluid; pressure, 190 mm.; cells, 7 per c.mm.; globulin, slight 
increase; sugar, 74 mg. per 100 cc. Wassermann test negative. Under 
dehydration therapy, consisting of limitation of fluids and 50 cc. of 50% 
glucose intravenously, every 3 hours, and sodium thiosulphate,- the 2d day 
following these injections his headache was entirely absent and he was 
perfectly conscious. Several days later he developed hepatitis with jaun- 
dice and evidence of acute nepliritis as indicated by the red cells in the 
urine. Within 2 weeks he had entirely recovered and left the hospital. 


. Table 2 . — Incidence of Diseases Treated With Arsphenamins. 


Syphilis . 
Vincent’s angina 
Pneumonia 
Psoriasis 
Skin eruption . 
Not stated . 


No. of 
eases. 

135 

1 

1 

1 

1 

7 


Percentage. 

93 

1 

1 

1 

1 

3 


Total 


146 


The occurrence of these reactions in non-luetic cases readily rules 
out the theories that attempt to place their occurrence upon a luetic 
basis. 


Table 3. — Age Incidence, 


Year. 

1 to 9 . 
10 to 19 . 
20 to 29 . 
30 to 39 . 
40 to 49 . 
50 to 59 . 
Not stated 
60 to 70 . 

Total . 


No. of 
cases. 

Percentage. 

3 

2.0 

18 

12.0 

59 

• 40.0 

25 

17.0 

10 

5.0 

2 

1.0 

28 

22.5 

1 

0.5 

146 



The prevalence of this reaction in the third and fourth decade is 
without doubt due to the prevalence of syphilis during this period. 


Table 4. — Sex Incidence. 


Males 
Females . 
Not stated 

Total . 


No. of 


cases. 

Percentage. 

89 

60 

44 

30 

13 

10 

146 



Little emphasis need be placed on the predominance of these 
reactions in males, as we may assume males are more frequently 
afflicted with sj'philis. 
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Table 5.— Total Dosage of Ausphbnahins Used Before Onset of 

Symptoms. 



No. of 



cases. 

Percentage. 

0 . 05 to 1 . 1 grams 

78 

53 

1.10 to 2.1 “ 

44 

30 

2. 10 to 5, 6 “ 

17 

11 

Not stated “ 

7 

6 

Total 

146 



When these toxic reactions were first described, it was the opinion 
that the dose of arsphenamin was too high, and for this reason 
smaller doses were recommended. Table 5 clearly demonstrates 
the falsity of this opinion and also that the quantity of the arsphena- 
min injected is not in any way related to the occurrence of symptoms. 


Table G.— Number op Doses Given Before Onset of Toxic Symptoms. 


No. of 

caeca. Percentage. 


1 10 13.0 

2 73 50.0 

.3 23 15.0 

4 to 9 26 17.0 

9 to 15 1 0.5 

Not stated 5 4.5 

Total 146 


In 50% of the cases, hemorrhagic encephalitis followed the second 
injection. The significance of this fact we are unable to state. 


Table 7. — Time of Onset op Symptoms After Last Dose. 


Not given 
1 to 12 hrs, 
12 to 24 “ 
24 to 38 “ 
48 to 72 " 
72 to 144 “ 
7 days . 

9 “ . . 

10 “ . . 

12 “ . . 

21 “ . . 

56 “ . 

70 “ . . 


Total . 


These reactions occur more 


No. of 
cases. 

Percentage. 

42 

31.0 

13 

9.0 

24 

16.0 

22 

15.0 

21 

14.0 

16 

11.0 

1 

0.5 

1 

0.5 

1 , 

0.5 

1 

0.5 

1 

0.5 

2 

1.0 

1 

0.5 


146 


frequently within the first three days 


after injection. 

Hemorrhagic encephalitis in certain cases is so rapidly fatal that 
therapy is of no avail. In approximately 20% of the cases, death 
occurred within the first 24 hours. The time of death in the re- 
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maining cases varied from 2 to 35 days, thus the importance of an 
early diagnosis cannot be overemphasized. 


Tabm 8.— Time of Death After Onset of Toxic Symptoms. 


1 day . 


No. of 
cases. 

23 

Percentage. 

20 

2 days . 


18 

15 

3 “ 


15 

13 

4 “ . . 


4 

4 

5 “ 


1 

1 

6 “ . . 


4 

3 

7 “ 


2 

2 

8 “ . . 


1 

1 

35 “ . . 


1 

1 

Not stated . 


45 

40 

Total . 

Headaches . 

114 

Table 9. — Symptoms (146 Cases). 

No. of 
cases. 

, . 58 

Perccntafie. 

40 

Vomiting 


. 55 

38 

Nervousness 


. 14 

9 

Chills . . 


. 12 

9 

Dizziness 


. 10 

8 


It may be noted that headache, vomiting, chills, nervousness and 
dizziness occurred in the majority of these cases, whereas the follow- 
ing group of symptoms occurred in less than 5%: Pei’spiration, 
backache, fatigue, numbness, aphonia, dyspnea, dysphagia, photo- 
phobia, anorexia, hiccough, cough, body pains, diarrhea and diplopia. 
These predominating sjunptoms of headache, vomiting, dizziness 
are characteristic of increased intracranial pressure. 


Table 10. — Physical Signs. 



’ No. of 



cases. 

Percentage. 

Fever 

61 

41 

Respiratory changes .... 

28 

19 

Cyanosis 

.... 26 

17 

Pulse changes .... 

24 

16 


The physical signs are primarily: Increased temperature, pulse 
and respiratory changes and cyanosis, all indicative of toxic reac- 
tion. In addition to these symptoms, and occurring in less than 
5% of the cases, are oliguria, anuria, skin rash, flushing of the skin, 
icterus and enlargement of the lymph glands. In all probability, 
fever occurred in more than 41 % of the cases. Many of the records 
failed to mention the temperature status. Respiratory changes 
consisted of Cheyne-Stokes breathing, rapid respiration or paralysis. 

Of the 146 patients, 80% had convulsions; 79% of them were 
unconscious. In a lesser degree, the various eye changes occurred 
which consisted of inAmlvement of the 3d, 4th, 6th and Sth cranial 
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nerves. Hyperactive, Lypoactive, absent and patliologic reflexes 
occurred in 30 %. Meningeal signs, such as opisthotonos and rigidity 
of the neck, took place in approximately 13 %, Such symptoms as 
generalized body rigidity, staggering gait, sensory disturbance, 
chewing movements, fibrillary tremors, excessive salivation and 
aphasia were reported. Mental disturbances consisting of delirium, 
disorientation as to time, place and person are found in less than 
50%. 

TABiiB 11 . — Neurologic Signs. 

No. of 

cases. Percentage. 


Convulsions 117 80 

Unconsciousness IIG 7g 

Pupillary and extraocular muscle changes . . . 5S 39 

Reflex changes 45 30 

Loss of sphincter control 32 21 

Mental disturbance 29 20 

HCmiparalysis of face, arms, legs 24 16 

Rigidity of neck 19 13 


Table 12. — Laboratory Stubies. 



No. of 



cases. 

Percentnge. 

Laboratory work not stated 

... CO 

41 

Laboratorjf work stated ... 

... 86 

69 

Urine examinations reported .... 

... 47 


Acute nephritis 

... 17 

35 

Albumin 

... C 

•11 

Normal 

... 24 

54 

Lumbar puncture 

... 39 


Pressure normal 

... 6 

IG 

Pressure increased 

... 25 

63 

Not stated 

... S 

21 

Globulin increased ... . . 

... 23 

58 

Red cells 

... ID 

26 

White cells 

... 24 

63 

Negative Wassermann . . . . 

7 

16 

Of the 86 cases with laboratory data, 46% showed evidence of 

renal trouble— an indication of the diffuse nature 

of the lesion. 

The increase in spinal fluid pressure 

in 63% of 39 

cases indicates 

that an increase of intracranial pressure is a salient feature of this 


disease. Subarachnoid hemorrhage was definitely indicated in 26% 
of the cases. 

Myelitis. Toxic myelitis or myelopathy”® without any demon- 
strable involvement of the brain is extremely rare. In the 22 cases 
of cord involvement that we have been able to collect from the 
literature, 8 had myelitis and 4 encephalomyelitis; 1 of the latter 
we have reported. In 11 cases of encephalitis, cord involvement 
occurred as a pathologic finding without clinical symptoms. The 
first case of myelitis following the intravenous injection of arsphena- 
min compounds was reported in 1911.“® In this country Newmark”® 
and Veckfl” reported the first case (1911) of myelitis following the 
use of arsphenamin intramuscularly. Davidson and ICerschner”^ 
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feel that the term “myelitis” is very often employed to designate 
cases of diffuse ndn-systemic disease of the spinal cord in which 
the pathologic process bears no relation to infection, but is due to 
toxins, avitaminosis, vascular disease, trauma or compression. 
Many cases of so-called infectious myelitis are not cases of myelitis 
but represent a primary condition of the meninges or vessels with 
secondary changes in the cord which ultimately lead to myelo- 
malacia. They believe that the term myelitis should be limited 
to inflammatory lesions of the cord and not degenerative. They 
prefer the term “toxic myelopathy” for the latter. 


Table 13. — Analysis of Data on 8 Cases of Myelitis. 


Author. 

I g 

03 

Age. 

09 

O ' 
« 
o 

p 

Total dose. 

Onset of symp. 
after last inj., 
days. 

Salient 

neurologic 

signs. 

1 

i 

Treatment. | 

Outcome. 

1 

a 

o 

P 

•J 

Autopsy. 

Zalkan'u 

M 

1 

24 

2 

1 1.5 

t 1 

1 

Flaccid level | 
lesion 

Not stated 

1 Not stated 

1 

Yes 


Bayet'u 

F 

27 

1 

3.3 

6 

Level lesion, 
spastic 

Not stated 

Death, 

6 mos. 

Yes 

Yes. 

Chiari'u . , | 

M 

35 

2 

1.0 

13 

Level lesion, 
ascend. 


Death, 

17 days 

Yes 

Yes. 

Flei8chmann“5 ^ 



2 

1 

0.8 

4 

Level lesion, 
spastic 

Hg; iod. 

1 Slight 

I improv. 

Yes 


Juliusberg and 
Oppenheimus 


IS 1 

j 

1 

0.2 1 

1 1 

6 

Level lesion; 
men. signs. 

Not stated 

Not stated 

Cong. 

Yes. 

Peofiinui 

M 

35 

3 

•• 

1 

Level lesion, 
flaccid 

Novarsbenz. 
prog. 7 mo. 

Comp. 

recov. 

Yes 


Pinardua 

M 

23 

1 

1.8 

2 

Level lesion, 
flaccid 

Not stated 

Death, 

2 wks. 

Yes 

Yes. 

Scott and Rein- 
hartu* 

M 

1 


1 

I 

0.6 

8 

Iievel lesion, 
spastic 

Not stated 

Persist. 

1 

No 



Inasmuch as we have only 8 cases of myelitis, 5.4% of all central 
nervous system cases, a statistical study would be of little value, 
but a table would serve to emphasize certain outstanding features 
of this condition. A small percentage of these cases had a rash or 
jaundice before onset of neurologic symptoms. In regard to sex, 
age, number of doses and total dosage, as well as the time of onset 
of symptoms after the last dose, those cases that develop a myelitis 
correspond to those that develop an encephalitis. The spinal cord 
lesion is one of massive involvement, usually ascending in type 
and either spastic or flaccid. In these 8 cases, only 1 made a 
complete recovery and, peculiarly enough, this case was given 
increasing doses of novarsenobenzol. Case 8 had a syphilophobia”® 
and, in spite of all serologic studies being negative, demanded 
antiluetic therapy. Only 3 of this series came to complete autopsy, 
and the results of these are reported in detail in the original articles. 
The case reported by Newmark^®® and Vecki^^^ following intra- 
muscular arsphenamin also came to autopsy. The pathologic 

findings of the cases recei%’ing intramuscular injections were the 
same. 
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In this series of 158 cases, there are 4 whieh manifest a combination 
ot the clinical picture of an encephalitis and myelitis. This is 
2.5% of total central nervous system cases. One of these cases 
directly observed by us, is reported in detail. 


BncepMomyelitis Gas^ 3.~A male, aged 27, complained of sore 
throat, February 12, 1931. Past and family histories negative. Examina- 
tion showed an acute ulcerative tonsillitis and smears revealed Vincent's 
organisms. He was given 0.15 gm. Of neoarsphenamin intravenously. The 
c 1 , 1 retention of urine and was constipated. On the 

oth day he noticed a peculiar abnormal sensation throughout his trunk 
and limbs. In the afternoon he received 0.15 gm. of neoarsphenamin 
intravenously. That night he had a fever, chills and hallucinations. On 
the 8th day he could not move his legs and had a generalized hypesthesia, 
and pain in the lumbar region that ascended to the thoracic region. On 
the 10th day he noticed weakness of the right arm and paresthesias in both 
hands. That afternoon the respirations became labored and the skin 
cyanotic. On the 12th day a lumbar puncture was performed, and in 
24 hours the respiration improved. At this time he was seen in consulta- 
tion. During the next 10 weeks he had involuntary urine and stools, 
and paraple^a of both legs; deep tendon reflexes of the arms active. Patel- 
lar and Achilles reflexes absent. There was a complete loss of sensation 
below the level of the 8th thoracic vertebra. Above the level of the 1st 
thoracic vertebra sensation was diminished. The temperature ranged 
from 98° to 102° F.; pulse, from 60 to 120; respirations, from 10 to 40. 
The blood Wassermami test was negative. The urine showed albumin 
and a few red blood cells. Lumbar puncture on the 12th day was clear and 
showed increased pressure, otherwise negative. On the 22d day pressure 
was markedly decreased, the fluid xanthocliromic, with 10 cells. Lumbar 
puncture on the 60th day showed 20 % block. Therapy, sedatives. Course: 
Levels of paralysis and sensation have not changed in 3 years; incontinence 
of urine and stools persist; no change in the reflexes. 


Table 14. — Three Adbitional Cases op ENCEPHAI.o^rTELITI8 From the 

Literature. 


Author 

1/ Feldman and 

[ Bratsloivsky.in 

i 

Gryzbrowsky.iH 

Sooin.ra 

Sex 

1 

iM 

F 

F 

Age 

•36 

32 

38 

No. doses .... 

3 

3 

2 

Total dosage 

0.75 gram 

0.75 gram 

1 gram. 

Onset after laet injection 

1 day 

1 day 

2 days. 

Chills 

Yes 

No 

Ycb. 

Fever 

Yes ' 

Yes 

Yes. 

Salient neurologic signs 

Vomiting; commlsions; 

Unconscious; pupil- 

Headaches; pupillary 

and symptowa 

level lesion, atrophy; 

lary changes; level 

changes; mental dis- 

flaccid then spastic; 
sphincter disturbance 

I lesion; mcning. signs 

turb.; convul.; level 
lesion; sphincter dis- 
turbance. 

Rash 

Early 

None 

Early. 

Treatment .... 

Cal-chlorid; adrenalin; 
venesection; Hg and 
bismuth injection 

Not stated 

Not stated 

Outcome .... 

Level lesion persisted 

Died in 6 days 

Died in 14 mos. 

Lues 

Yea 

Yes 

Not stated. 

Laboratory .... 

Urine and spinal albu- 
min 

Urine and albumin 

Spinal fluid cells incr. 

Autopsy 

— 

Myelitis; encephali- 
tis; pneumonia 

No. 


There is nothing characteristic in these 4 cases in regard to 
the clinical sjunptoms other than that they were a combination of 
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the encephalitic and myelitic pictures. A point of interest, -though 
of questionable significance, is that 3 of the 4 cases had an exan- 
thematous rash previous to onset of toxic symptoms. Also in 3 
of these cases, the cerebral symptoms occurred before the spinal 
symptoms. One case came to autopsy and had a combination 
of brain and cord lesions. 

Meningitis. Many of these cases, in addition to having brain and 
cord disturbances, gave clinical signs of meningeal involvement, 
such as rigidity of the neck, opisthotonos and a positive Kernig. 
The question of meningeal involvement in cases of hemorrhagic 
encephalitis has not been particularly emphasized. 

In 146 cases of encephalitis, 93 came to autopsy. Of these, 24 
showed evidence of meningitis. Clinically, 30 showed evidence of 
meningitis, of whom 3 recovered. 


Tabie 15. — Pathology. 

Autopsy. No. of 

cases. 

Brain examined 95 

Cord examined . 21 

Complete autopsy 63 

Total number autopsies 98 


In the cases of encephalitis, 98 had autopsies and, of these, 
3 autopsies did not include the brain and cord. In the 8 cases of 
myelitis, 4 had complete autopsies. In the 4 cases 'of encephalo- 
myelitis, 1 had a complete autopsy. 

According to Alpers,!^*’ the majority of cases shows the following 
characteristics: The gross lesions appear as pinpoint, bright red 
discolorations throughout the brain substance. These may coalesce 
to form large foci and are usually found in the white matter (centrum 
ovale, corpus collosum and internal capsule), but occasionally in 
the gray matter (basal regions and thalamus), and in the pons and 
basal ganglia. Hemorrhage, however, is not an essential part of 
the picture. Microscopically, in the center of the lesion capillary 
or pre-capillary vessels are observed, with swollen or destroyed 
endothelium. In some instances, the swelling is so great as to 
completely obliterate the lumen. Often the lumen contains a fibrin 
clot or a hyaline thrombus. Immediately next to the central vessel 
is an area of necrosis, completely surrounded by a palisade-like 
arrangement of intact glial cells. Beyond the collar of glial cells, 
which are many layers deep, there may or may not be an outer 
area of hemorrhage. The cells which surround the central necrotic 
area are oligodendroglial. There are some fibrous neuroglia cells 
immediately outside these areas. These foci may occur without 
hemorrhage. Alpers^^® states that hemorrhage is apparently of little 
importance, as in most instances hemorrhages were not seen in 
relation to these areas despite the fact that grossly the lesions 
appeared discolored. The presence of red blood cells in these areas 
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is usually explained by diapedesis. Alpers found that thrombi in 
the central vessels (capillary or pre-capillary) occurred infrequently, 
and that the endothelium of the central vessels was swollen or 
destroyed, and the vessel often occluded by the swollen endothelium. 
He explains the origin of these foci as follows: As a result of the 
injury to the endothelium by a toxin or infectious process, neuroglia 
cells are collected about the vessel. As the blood supply is cut 
off through the occlusion of the vessel by the sxoollen endothelium, 
or possibly by a thrombus, the central cells in the area become 
destroyed and, as the process extends, a larger area of coagulation 
necrosis develops. Some showed at autopsy 

hyperemia and edema of the brain without any areas of softening 
or hemorrhage. Stuhmer®® believes that edema of the brain always 
occurs first, and in severe cases is always followed by hemorrhage. 
The increased intracranial pressure, as shown in 25 of the 39 cases 
upon which lumbar punctures were performed, also tend to stress 
the presence of edema of the brain. According to Scott and Rein- 
hart,^® the cord reveals a diffuse myelomalacia involving both the 
gray and the white matter, marked edema, degenerative lesions of 
the bloodvessels with perivascular hemorrhages, and complete 
destruction of all ganglion cells of the anterior horn. There is no 
exudate or glial proliferation. 

Table 16. — In-volvement of Other Organs in Complete Autopsies. 


Organa. 


No. 

Percentage. 

Lungs 


... 27 

42 

Heart 


. . . 15 

23 

Liver 


11 

17 

Kidneys 


... 24 

38 

Spleen .... 


. . S 

12 

Stomach .... 


3 

5 

Intestines .... 


. . . 2 

3 

Thyroid .... 


. . . 1 

1.5 

Aorta 


1 

1.5 

Uterus .... 


1 

1.5 

Pancreas .... 


1 

1.5 

Skin 


. . . 1 

1.5 

All organs .... 


10 

15 

Larynx 


1 

1.5 

Bladder and ureter . . 


. . . 1 

1.5 


Examination of organs other than the central nervous system 
was carried out in 63 cases. Table 16 definitely reveals that 
pathologic changes existed in other organs, such as pinpoint hemor- 
rhages, edema, cloudy swelling, fatty degeneration, congestion, all 
of these being caused by the arsphenamin reaction and being part 
of the generalized toxic reaction. 

To date there have been numerous theories promulgated for the 
cause of arsphenamin central nervous system reactions, none of 
which particularly answers the 

They may be summarized as follows; (1) Action of the arsphenamin 
molecule itself, either by direct dilatation of the bloodvessels or by 
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indirect dilatation of the bloodvessels due to lack of adrenalin from 
destruction of the adrenal glands. The majority favors this theory. 
(2) Liberation of trivalent inorganic arsenic, due to faulty elimina- 
tion of the drug due to kidney impairment. Ehrlich was the first 
to advance this theory. (3) Herxheimer reactions. May be ruled 
out in non-luetic cases. (4) Anaphylactoid reaction. (5) Allergic 
reaction. Schreiner discusses the cutaneous disorders that develop 
in the course of arsphenamin therapy, such as the angioneurotic 
syndrome, the fixed arsphenamin exanthem, the generalized ex- 
anthem and the arsphenamin dermatitis. After calling attention 
to similarities between the cutaneous disorders resulting from 
arsphenamin therapy and the known allergic diseases, the author 
describes tests by which he attempts to prove the allergic character 
of the cutaneous disorders. In order to determine the presence of 
specific antibodies, he made cutaneous tests, and he was able to 
demonstrate the allergic nature of the symptoms in 18 of 20 patients 
presenting various forms of cutaneous disorders. (6) Uremia. 
Theory advanced by Stuhmer®® and not mentioned by others. (7) 
Effects upon the reticulo-endothelial system. Asuna and 
Kuhn*®^ have shown a specific damage to the endothelial lining of 
the vessels. Hassko^^® believes that this damage is due to a de- 
fibrination of the blood. Experimentally he has shown that gelatin 
hinders these factors. 

From the pathologic reports of the series of cases we have re- 
viewed, it is apparent that there is a damage of the vessel walls. 
This is further substantiated by the work of Asuna and Kuhn,^®^ 
Marschalko and Vezpremi^®! and Hassko.^'*® Furthermore, similar 
changes have been found in cases that have died from organic 
arsenic poisoning; in addition, it must be remembered that this 
pathologic picture of so-called hemorrhagic encephalitis may be 
produced by the many other factors previously mentioned. It is 
apparent that the arsphenamin breaks down and eliminates free 
arsenic, as this was found in the organs in a number of these cases. 
Many explanations have been attempted to explain these facts, 
none being satisfactory, however. lAfiiy in certain people arsphena- 
min should be toxic and in others have no effect whatsoever is yet 
to be discovered. Furthermore, why the same patient, who has 
received arsphenamin 8 years (Bruhns and Lowenberg^®) previously 
without developing any toxic reaction, then suddenly develops 
hemorrhagic encephalitis cannot be explained. Then, too, the same 
batch of drug has been used on a number of people, only 1 of the 
group developing symptoms. A case has been reported wherein the 
same ampule was divided between 2 patients (Miller®®), injected 
at the same time; 1 of these developed a toxic encephalitis and the 
other did not. It is well known from reports of Newmark,^®® 
Veeki,!®! Fritz,^®® that this reaction may occur after intramuscular 
injection as well as intravenous injection. That it is not due to 
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sj^hilis is further emphasized by the 3 cases included in our reports, 
as well as the case of pneumonia treated by Henneberg.*® 

Prog?iosis. Of those with hemorrhagic encephalitis, 32 cases 
recovered; of those with myelitis, 1 recovered; and of those with 
encephalomyelitis, none recovered. Thus it appears that those 
patients with involvement of the spinal cord practically never 
recover, although they may live with a complete paraplegia after 
the sj'-mptoms have developed and die at a later time from a ter- 
minal infection. We have reviewed the encephalitis cases in hope 
of finding facts of prognostic value while the process is active. It 
is quite evident that the age, sex, total dosage of arsphenamin, 
number of doses of arsphenamin, time of onset of symptoms after 
the last dose and adjunct therapy did not in any way influence the 
progress of the disease. 

It has been maintained by some authors, such as Scott and 
Moore, Wechselmann,^'’^ that the adjunct therapy used in con- 
junction with arsphenamin was responsible for the toxic reactions. 
In our review, mercurial preparations, iodids and bismuth, etc., 
did not in any way increase the toxicity of arsphenamin. In ap- 
proximatelj’- 47 % of these cases, adjunct therapy was utilized, and 
in 53% arsphenamins were given alone. 

Appafently the reaction cannot be traced to any particular 
fault of the drug or any particular faulty administration of the 
drug. The following observations indicate conditions that may be 
considered signs of grave prognosis : All of the cases with hemiplegia 
died. In 27 cases with meningeal signs and symptoms, only 3 
recovered. The prognosis is unfavorable for the first 3 days, after 
development of signs and symptoms, 48% of the patients dying in 
this period. In this series of cases those that recovered from 
hemorrhagic encephalitis did so completely and had no residual 
symptoms. The therapeutic measures may be divided into pro- 
phylactic and curative. 

Prophylactic Measures. (1) Arsphenamins should not be given 
to patients with damaged kidneys. (2) The best care and 
technique should be used in administering the drug.^^^-^®-“® (3) 
Ephedrin sulphate (50 mg.) should be given for 2 days previous 
to injection^oo. (4) Adrenalin, 1 cc. of 1 to 1000 intramuscularly 
10 minutes before injection. (5) Atropin sulphate, grs. yl-ig- hj'po- 
dermically 15 minutes before the injection of arsphenamin.”®^ 
Adrenalin, introduced by Milian, in 1912, has been used successfully 
by various ■vcriters.^®'”®'^®^-^^®~^®“ It was Milian’s belief that adren- 
alin insufficiency played a part in the causation of these symptoms. 
The vasodilator properties of these drugs in the presence of lessened 
adrenal activity lead to the production of these after effects, par- 
ticularly upon the cerebral vessels. Rebaudi*®” recommended the 
use of amino-acids of the liver mixed with neoarsphenamin for 
patients who had an intolerance to the drug, especially as it per- 
mitted larger and more frequent doses of neoarsphenamin. He used 
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0.9 gm. of neoarsphenamin mixed with 2 cc. of amino-acid of the liver, 
stirring slowly with a glass rod until the color was yellow-gold. 

Curative Measures. The curative measures may be given as 
follows: (1) Against the toxic ’phenomenon: {a) Adrenalin hydro- 
chlorid, 1 cc. of 1 to 1000 intramuscularly followed by 1 cc. of 
1 to 100,000 intraA'-enouslyji^^-i®® {h) sodium thiosulphate; (c) sodium 
dehydrocholate; (d) calcium thiosulphate; (e) calcium chlorid ; 
(/) ephedrin sulphate; {g) 50% glucose solution. (2) Sedatives: Nu- 
merous sedatives have been utilized, such as chloroform, ether, 
morphin, codein, barbiturates, sodium amjdal, Stroganoff therapy. 
(3) Supportive measures: Camphor and oil, intravenous saline, intra- 
venous glucose (10%), digitalis, caffein, etc. (4) Redtmtion of 
intracranial pressure: Spinal or cisternal puncture, venesection, 
50 cc. of 50% glucose in saline intravenously and decompression. 
No emphasis, however, has been placed upon the active dehydration 
measures. In 1920, Ravaut^” called attention to the usefulness of 
sodium thiosulphate in a number of metallic poisons, such as 
arsenic, mercury, lead, bismuth, zinc and copper, as well as the 
sequelie of arsphenamin. Busman and Woodburn,^^ MeBride and 
Dennie^®^ reported additional cases wherein it has been used. 
Stokes^^° advocates its use. This substance is one of a group of 
sulphur-containing salts and exerts a favorable influence by reduc- 
tion of the metallic poisons to their non-toxic sulphids, and thus 
stops the toxic action and aids elimination. Marples and Myers^®® 
believe that the effect of sodium thiosulphate in these cases is due 
to the stimulation of that mechanism which normally takes care of 
the elimination of arsphenamin. They believe that the release of 
hea^^ metals from protein combination following sodium thio- 
sulphate administration is rapid, and that they are liberated by 
the formation of heavy metal salts of thiosulphuric acid. Calcium 
thiosulphate has been used for postarsenobenzol complications.^®® 
The dose recommended is 5 cc. of a 10% solution daily for 3 days, 
and subsequently 2 and 3 times a week. Caleium chlorid has been 
used for the prevention of certain cutaneous inflammations by 
Chiari and Januschke,!®’' in 1911, Blum,^®® in 1921. On theoretical 
grounds the combination of calcium and thiosulphate should be 
advantageous, particularly in those groups where sodium thio- 
sulphate has failed. Solomon^®® found calcium chlorid was useful 
in the prevention of nitritoid reactions. Stokes®®® thinks that the 
detoxif jdng and irritation-reducing effect of calcium can be accom- 
plished by using 10 cc. of calcium gluconate intravenously or intra- 
muscularly just before the arsphenamin injection. This has seemed 
to smooth the course of some otherwise exceedingly reactive patients. 
Lipskeroff and Grebin, following the methods of Oliver, Yamada 
and Kulos,^®^ tried blood serum and water diluent for neoarspheria- 
min, and found that it did not reduce toxicity. The use of water 
with calcium chlorid added^®®-^®® was found less toxic. This was 
corroborated by Lewin by using glucose solution as suggested by 
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Weitgassen,^®^ and a marked reduction of toxicity was found. This 
reduction of toxicity by the use of glucose solution has been noted 
by numerous other authors. 

In the 5 cases of myelitis, no attempts have been made to carry 
out the Queckenstedt test, as at the time of these case reports this 
newer method of diagnosis was unknown. In the case of encephalo- 
myelitis under our observation the Queckenstedt test revealed a 
definite block. Furthermore, xanthochromic fluid Avas present, 
further verifying the presence of block. The rationale of lamin- 
ectomy in such cases is borne out by the experimental work of 
Allen, AA^ho indicated that in dogs a cord edema folloAving trauma 
reached its maximum pressure Avithin 4 hours. McVeigh^®® believed 
that the cord edema reached its maximum Avithin 8 hours. It Avas 
the belief of Allen that this sAvelling of the cord, secondary to 
edema caused the nerAm damage, and for this reason he recom- 
mended early laminectomy Avith longitudinal slitting of the cord. 
In these cases the edema occurs before the hemorrhagic process 
dcA'^elops and such therapy is definitely indicated. Coleman,^®'^ in 
cases of spinal cord trauma, has advised the use of the Queckenstedt 
test to determine the presence of spinal block. This test is carried 
out by performing a spinal puncture and compressing the jugular 
vein. The rapidity of the rise and fall of the spinal fluid in a 
water manometer indicates the presence or absence of block (Stookey 
and Klenke^®®). Nafiziger^®® believes that the traumatic cases 
should be placed in the category of an early emergency operation, 
and agrees AAuth Coleman in adAosing early laminectomy, particu- 
larly when the fluid does not rise at all in the spinal manometer by 
jugular compression. In AueAv of the serious outeome of these cases, 
it is our opinion that the Queckenstedt test should be performed 
daily to determine whether a block is present and, should any evi- 
dence of block occur, Ave advise a decompressive laminectomy at the 
level of the lesion. It is our belief that dehydration measures are 
acth'-ely indicated in these cases, and that the acute brain and cord 
edema that arises plays an actiAm part in the final outcome of the case. 
An acute brain edema Avith ’’ise of intracranial pressure is part of 
this picture and has been previously called to our attention by 
Ehrlich,®® Hammer,®® and also by Stuhmer®® Avho in the early days 
recognized its importance and adAused decompression. Eight cases 
that came to autopsy shoAved brain edema and hyperemia Avithout 
hemorrhage. Furthermore, in the 39 cases that had lumbar 
puncture, 25 shoAved CAudence of increased intracranial pressure. 
For dehydration measures, AA’^e advise the /use of 50 to 100 cc. of 
50% glucose solution intravenously every 3 to 4 hours; retention 
enemas consisting of 6 ounces of magnesium sulphate crystals dis- 
solved in 4 ounces of Avater. Should the pulse become too rapid 
glucose may be giAmn in less frequent amounts, and normal salt be 
given intravenously. If these measures prove of no aA’-ail, lumbar 
puncture may be performed repeatedly with the removal of 25 to 
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50 ce. of fluid. Judgment must be exerted during the course of the 
disease as to the limitation of fluid intake. In some cases this is 
advisable, in other cases undesirable. If brain edema continues to 
increase with its resulting rise of intracranial pressure, subtemporal 
decompression with drainage of the subarachnoid space should 
immediately be carried out. Subtemporal decompression has been 
performed in 3 patients.^-^^.ss In 1 the brain appeared normal, 
and in 2 the brain and meninges were edematous. All of these 
patients, however, succumbed to the procedure. 

Conclusions. 1, The mortality of cases with central nervous 
system involvement secondary to intravenous injection of arsphena- 
min is about 76%. 

2. There is approximately 1 death due to central nervous system 
involvement in every 5398 cases treated, and in every 28,768 
injections. 

3. The term, "hemorrhagic encephalitis,” is not adequately 
descriptive. 

4. The toxic reaction may occur in non-luetic cases, is not related 
to the quantity of the drug given, nor the number of injections, nor 
the toxicity of the drug itself. It is not related to the age of the 
patient nor the sex. It occurs most frequently after the 2d dose, 
though it has been reported as occurring after the 15th dose. 
Furthermore, cases have been reported where the drug has not at 
first produced toxic effects, but when again given several years 
later toxic reactions resulted. The symptoms may occur from 
12 hours to 70 days after the injection, but usually develop from 
12 to 144 hours. 

5. The outstanding symptoms are headache, vomiting, nervous- 
ness, chills and dizziness, with physical signs of fever, cyanosis, 
respiratory and pulse changes. The outstanding neurologic signs 
are convulsions, unconsciousness, pupillary and ocular muscle 
changes, reflex changes, loss of sphincter control, mental disturb- 
ances, hemiparesis and rigidity of the neck. Laboratory reports 
indicate the presence of an acute nephritis in a relatively large 
percentage of the cases as well as an increased spinal fluid pressure. 

6. Myelitis and encephalomyelitis may also occur, while meningi- 
tis may coexist. 

7. This toxic reaction is diffuse rather than focal, as pathologic 
reports and clinical findings indicate involvement of the other 
organs. The clinical diagnosis is derived from the organ indicating 
the greatest involvement, e. g., if the brain shows predominating 
clinical signs, it is an encephalitis; if it is the cord, it is myelitis; 
if the liver, a hepatitis. 

8. The methods of therapy have been described in detail and con- 
sist primarily of prophylactic and curative measures. The curative 
measures are detoxification and reduction of intracranial pressure by 
medical or surgical methods. Sedatives and supportive measures 
should be utilized. 
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SPONTANEOUS RUPTURE OP THE ESOPHAGUS IN SYPHILIS. 
By W. Everett Glass, M.D., 

PHYSICIAN-IN-CHIEF, MEDICAIi AND SURGICAL SERVICE, -WORCESTER STATE HOSPITAL, 

AND 

William Freeman, M.D., 

PATHOLOGIST, WOHCESTEH STATE HOSPITAL; INSTHT7CTOE IN PATHOLOGY, BOSTON 
HNIVEHSITT, SCHOOL OF MEDICINE,- -WOHCESTEH, MASSACHUSETTS. 

(From the Departments of Medicine and Pathology, Worcester State Hospital.) 

Many physicians believe that the esophagus is relatively immune 
to pathologic processes, and that, barring congenital defects, trauma, 
cardiospasm, constrictions, varices, benign and malignant neo- 
plasms, it may be disregarded as a seat of disease. Mosher, 
however, in the largest reported series of postmortem specimens 
studied has conclusively shown that the esophagus is much more 
tmlnerable to every type of lesion than has heretofore been the 
popular belief. In one series of 100 consecutive organs obtained 
from routine autopsies he found pathologic lesions in 14 specimens. 
These were septic emboli, acute and chronic inflammations, degen- 
erations, benign tumors and the like. His studies emphasize the 
need for a more careful study of this organ in the routine autopsy. 

Spontaneous, non-traumatic, complete rupture of the esophagus 
is a rare condition, if the number of reported cases in the literature 
is any criterion. Gott^ as a result of such a survey on the subject 
discovered only 38 such cases, the first being the celebrated one of 
the Baron Wassenau in 1724. Gott added 4 cases, 2 of which were 
due to multiple bacterial emboli occluding the esophageal capillaries 
in patients with meningococcic meningitis. He concluded that 
cardiospasm, stricture, ulcerations, esophagitis and vascular changes 
in the esophageal wall predispose to rupture. 

Mallory and Weiss® observed 15 patients who, after long alcoholic 
debauches, developed massive hematemesis. They reported the 
postmortem findings in 4, all of whom showed lacerated but not 
ruptured lesions of the cardia of the esophagus. As none showed 
any evidence of liver cirrhosis it was concluded that the hematemesis 
was not from ruptured varices due to liver cirrhosis. They sug- 
gested that the lacerations may have been produced by pressure 
changes in the stomach during retching, vomiting and regurgita- 
tion. They felt that such lesions could develop in other conditions 
in which severe retching and vomiting occurred, such as in pernic- 
ious vomiting of pregnancy and neoplasms. In a later report® these 
authors presented 2 more instances of lacerated esophagi in patients 
—also alcoholics— both of whom died and the autopsies revealed 
lacerations through the esophageal mucosa. Gott agreed Mth.them 
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that the inciting cause of either laceration or rupture of the esoph- 
agus was sudden, increased, intra-esophageal pressure. 

There has not been found anj!- reported cases of rupture of the 
esophagus due to luetic periarteritis of the esophageal wall. Luetic 
periarteritis leads to ischemia of the part supplied by the artery 
with subsequent arterial occlusion by scar formation. This scarring 
materially Aveakens the wall the extent of which is dependent upon 
the size of the scar. If the scar includes a portion of the lining 
mucosa, the autolytic enzymes from regurgitated gastric contents 
would have a vulnerable point of attack which could more easily 
erode the wall. Such a sequence of events would be a combination 
of etiological factors expressed by Mosher, Gott and Mallory and 
Weiss as tending to enliance the possibility of laceration or rupture. 

In sjqihilitic patients, any organ or combination of organs includ- 
ing the esophagus may be affected by the disease. Then, too, in 
those patients with central nervous system involvement, retching 
and vomiting occasionally occur. The combination of esophageal 
periarteritis and severe retching and vomiting (during “paretic 
seizures”) should offer rather good possibilities of either lacerations 
or ruptures of the esophagus. In spite of this, apparently the inci- 
dence of such occurrence in the literature is nil. It is our feeling, 
hoAvever, that this may be due, in part at least, to the fact that the 
esophagus is generally disregarded in the routine postmortem exami- 
nation. In our own institution, in the last 436 consecutive autopsies 
performed, 44 were on patients ivith sjqihilitic central nervous 
system involvement. Of these, only 5 died during “paretic seizures.” 
Of these latter, 2 patients died of hemorrhage resulting from com- 
plete, non-traumatic rupture of the esophageal wall. In no instance 
were lacerations without complete rupture found. The folloiving 
case record abstracts are from the records of these 2 patients. 

Case Abstracts. Case 1. — A. R. (No. 38909), a white girl, aged 12, a 
congenital luetic diagnosed as hawng juvenile paresis, was admitted to the 
Worcester State Hospital in 1929 having received specific treatment for 
several years before admission. Her subsequent study revealed a rather 
typical clinical and laboratory picture of juvenile paresis for which she 
received malaria, bismuth and sulpharsphenamins. She eventually had 
repeated paretic seizures which lapsed into status epilepticus. On the 3d 
day prior to death (1932, age 15) she had a maximum number of daily 
seizures which reached 50. The rectal temperature rose rapidly to 106, 
pulse fluctuated between 130 and 140 and respirations from 30 to 50. Her 
pupils_ were unequal and irregular and reacted sluggishly to light. There 
were impaired resonance and increased breath sounds and rAles at both 
bases. The blood pressure was 90/70. All of the peripheral nenm reflexes 
reacted sluggislily to stimiflation. No patellar reflexes were elicited. 
Babinski reflexes were obtained on both sides. She was semicomatose 
for 3 days and died suddenly. 

Autopsy. (2.3_ hours after death.) No evidence of postmortem degen- 
eration. The patient Avas found to have died of complete rupture of the 
esophagus. The posterior mediastinal space contained approximately 
100 cc. of a thin, “coffee-ground,” black colored material, undoubtedly 
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gastric and esophageal contents. In the left lateral wall of the esophagus 
was a longitudinal rent measuring 3.1 cm. long, the caudal end of vchkh 
was 2.3 cm. above the cardia. The esophageal wall surroun^ig the rent 
was_ completely hemorrhagic and black. The edges of the rent showed, in 
addition to the massive hemorrhage, man}’- esophageal vessels with a peri- 
vascular infiltration of lymphocytes, endothelial leukoc 3 te, some plasma 
cells and fibroblasts. Complicating the picture were nnmerous pigment 
laden leukocj’tes and edema: Rare spirochetes were found special 
stainmg methods . * The other \'iscera were essentiallj’- normal. 



Fig. 1.— Case 1. Esophagus shoeing longitudinal rent and hemorrhagic mucosa. 
The rectangle of tissue removed below- the rent was taken for microscopic examina- 
tion, Note the thinness of the wall and the absence of normal ruga;. 

Case 2.— C. E. (No. 362S5), a white male, aged 49, was admitted to the 
Worcester State Hospital in 1925 with a diagnosis of “ps 3 '’chosis with cere- 
brospinal sypMis.” His s 3 T)hihtic condition had been treated with tr 3 "- 
parsamid and bismuth. In 1930 he developed signs and S 3 Tnptoms of duo- 
denal ulcer without complete obstruction, confirmed b 3 ’- laboratoij’- and 
Roentgen ray findings. For the last 1-i 3 'eare he had had paretic seizur^. 
On July 10, 1932, he rapidly became Jaundiced, the abdomen became 
tended and the liver edge was felt 2 cm. below the costal margin. Ascites 
developed with shifting abdominal dullness. His icterus intensified. He 
began to vomit and have hiccoughs. On July 15, he had occult blood 
present in vomitus for the first time, graduall 3 ’- became comatose and 
expired (5 da 3 ’-s after the onset of jaundice). His temperature, pulse and 
respirations remained normal to the end. 

Autopsi'. (2 hours after death.) Showed that the patient died of com- 
plete rupture of the esophagus with hemorrhage. Figures 2 and 3 give an 
idea of the extensive hemorrhage in the wail of the ulcer itself. The rent 
was 3 cm. in length, the caudal end of which was 1.5 cm. above the esopha- 
geal gastric junction. The posterior mediastinal space contained about 
75 cc. of a thick, mucoid, “coffee-ground” colored fluid. In the histologital 
study of this specimen the hemorrhage was so extensive as to almost oblit- 
erate the histological arcliitecture of the wall surrounding the rupture. In 

* The type of stain used for spirochetes is amodifiod silver stain after Do Gal.antha 
(Am. J. Ciin, Path., 2, C3, 1932). 




GLASS, freeaian; rupture of esophagus in syphilis 83 

addition, this patient had an atrophic cirrhosis of the liver (weight 940 gm.), 
almost simulating a “classical Hepar Lobatum,” vdth ascites and jaundice. 
The remaining ^^scera showed lesions consistent with his age and relatively 
irrelevant. 



Fig. 2. — Case 2. The unopened esophagus showing the complete rupture near 
the cardiac orifices. A white glass rod is in the lumen of the esophagus. Note the 
markedly hemorrhagic wall. 


Discussion. In the first case, it is demonstrated that syphilis 
caused the periarteritis in the esophageal wall. It is logical to 
assume that these lesions materiallj'’ weakened the wall. Attacks 



Fig. .3.— Case 2. Same specimen as in Fig. 2 after opening. Note the markedly 
hemorrhagic mucosa and complete absence of the normal ruga;. Note the large 
crater-like area surrounding the hole of the rupture. In this specimen, only the 
proximal 2.3 cm. of the esophageal wall was normal. 

of retching such as are present in paretic seizures cause extremes 
of intra-abdominal pressure which are easily transmitted through 
the diaphragm to the wall of the esophagus. The regurgitation of 
autolytic gastric contents over the lining of the esophagus which 
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has been already damaged by the luetic reaction tends to erode it, 
allowing these contents to come in contact with the muscular layers. 



Fig. 4. — Case I. Microphotograph of luetic perivascular infiltration of lympho- 
cytes and endothelials, with occlusion and scar formation in the wall of the esoph- 
agus, near the area of eruption. Note large hemorrhagic areas in the scarred wall. 
Magnified 400 X. (Due to the large amount of blood pigment the spirochetes 
photographed too poorly for reproduction.) 



Fig. 6.— Case 1. Miorophotograph of section of the esophageal wall, showing 
hyperplasia of the endothelials with perivascular infiltration of fibroblasts and 
lymphocytes, with partial occlusion of one vessel. Magnified 400 X. 


To substantiate this hj^othesis, the epithelial lining around the 
rent in both specimens was almost completely denuded. We have, 
therefore, in both instances a weakened esophageal wall being 
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acted upon by aiitolytic enz^raes and severe intra-abdominal 
pressure, forming an ideal point of rupture. 

In 496 consecutive autopsies performed on mentally ill patients, 
5 were found to have died during a paretic seizure and of these 
latter, 2 (40%) died of a sudden complete rupture of the esophagus. 
Although the actual number of those dying in paretic seizures is 
small and percentages drawn from such a small sample are wholly 
inadequate, yet the relatively large number (40%) of those dying 
of rupture of the esophagus shows the tendency of such occurring 
more frequently than the literature would lead one to suppose. 



Fig. 6. — Case 2. Perivascular infiltration and occlusion deep in the wall of the 
esophagus. Note the large scarred area in the center of the picture. Magnified 
400 X. 

Summary. Syphilitic periarteritis of the esophageal wall usually 
leads to vascular occlusions, scar formation and damage to the 
epithelial lining at those points. Luetic patients in whom the 
central nervous system has been involved in the disease process 
may have attacks of the so-called “paretic seizures” of which retch- 
ing and vomiting are prominent features. The combination of the 
esophageal scars, sudden extremes of intra-abdominal pressure and 
the autolytic action of the regurgitated enzymes of the gastric 
contents maj’’ result, in rare instances, in sudden rupture of the 
esophageal wall. 

Two case reports are presented, both on patients who died from 
sudden, complete rupture of the esophageal wall. One was a 15-year- 
old congenital luetic with the juvenile form of general paresis. 
The second case was that of a 58-year-old patient suffering from 
acquired lues with central nervous system involvement. Each 
died during an attack of “paretic seizures.” 
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Conclusions. Complete rupture of tlie esopliageal wall may occur, 
in relatively rare instances, due to sjT)liilitic periarteritis of the 
organ and severe retching and vomiting which is a rather common 
accompaniment of paretic seizures. 

A routine, detailed examination of this organ in all autopsies is 
Mged. 

The esophagus is more vulnerable to pathologic lesions tlian the 
statistics have heretofore indicated. 
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OBESITY^ TREATMENT BY DIET, THYROID AND 
DINITROPHENOL. 

RESULT ON 106 OUTPATIENTS.* 

By Leona M. Bayer, M.D., 

ASSIST.<NT CUNICAL PBOFESSOR OF MEDICINE, 

AND 

H. Gray, M.D., 

GlilNICAL PBOFESSOR OF MEDICINE, STANFORD UNIVERSITY SCHOOL OF MEDICINE, 

SAN FRANCISCO, CALIF. 


Since 1930, patients complaining of obesity have been referred 
to the Endocrine Clinic for systematic treatment. Diet and 
tlijuoid carefully dosed have been our mainstays, and some other 
glandular extracts have been tried. ^^Tiile an analysis of the 
material was in progress, Prof. Tainter suggested, in the fall of 
1932, that dinitrophenol might be useful in the treatment of obesity, 
and with his associates has published exliaustive metabolic studies 
of its pharmacologic effects in both animals and man, including 
the obese. The drug v^as, therefore, added to the methods which 
were already being surveyed under tlie far from ideal but fairly 
uniform conditions of outpatient care. 

Material. The records of some 200 obese patients who attended the 
Endocrine Clinic during the period between Januarj’-, 1931, and May, 1933, 
were sifted. Growing children were excluded, so that all patients were 


* Aided by the Rockefeller Fluid Research Fund. 
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adults, except, for 3 girls between 16 and 17 years whose records showed 
no growth at time of treatment. Complicating disease was taken as cause 
for exclusion only where it seemed likel 3 ’’ to induce weight changes, as, 
for instance, heart failure with edema or uncontrolled diabetes mellitus. 

Concerning attendance and cooperation, no very rigid standard was set 
up. All those included had attended clinic at least 3 times, with an interval 
of at least 30 days between the first and last visits. They had kept their 
appointments with fair regularity, and made a reasonable attempt to follow 
advice. In some patients cooperation varied, being good in some periods 
and obviously bad in others, so that the latter periods were discarded. 
The main difficulty in securing cooperation, of course, was in regard to diet; 
there was never an objection to taking oral medicine. No records were 
disqualified because the weight loss was disappointing. 

The residuum consists of records of 104 women and 2 men. All were 
white except 2 women. 

Therapeutic Procedure. Patients came to this special clinic only 
after a history had been taken and a phj^sical examination done 
in the medical clinic. Laboratory work included urinalysis and 
basal metabolism on all patients, and blood sugar or sugar tolerance 
tests and Roentgen rays of the sella where indicated. The net 
height was determined at the first Ausit, and records of net weight 
(by subtraction of 3 to 5 pounds for women’s clothing and 6 to 
8 pounds for men’s, as seemed appropriate) made at every visit. 

At the first visit each patient was given a copy of a reducing 
diet, containing 80 gm. of carbohydrate, 60 gm. of protein and 
40 gm. of fat, giving a total of 920 calories, outlined in grams and 
household measures, to show the exact food distribution recom- 
mended for 3 meals a day. It had provision for xdtamins and salts. 
The patient was asked to approach the prescription as closely as 
possible, and to bring an estimate in ounces or tablespoonfuls of 
the food eaten the day before attendance; this actual list was then 
calculated at each ^^sit. 

Patients were kept on this simple dietary regime so long as the 
loss was satisfactory, i. e., at least 2 pounds per month, continued 
moderate loss being preferred to more dramatic reductions. Many 
patients reached their ideal weight by dieting only. In general, 
drugs were added when the patient’s weight had been stationary 
for 2 visits. They were tried in turn and singly, each new regime 
being maintained so long as it was effective or until it was shown 
to be ineffective. Continuance of diet was insisted on. No effort 
was made to control the water metabolism in this series. 

In making the analysis, each tjqje of treatment, i. e., diet alone, 
diet plus thyroid and diet plus dinitrophenol, was considered as 
a separate period. The various preparations other than thyroid 
and dinitrophenol used during the study are not presented here. 

Diet Alone. One hundred patients were on a period of dietary 
regime before medication; 72 of the 100 became stationary in less 
than 4 months ; the remaining 28 were on diet for periods of 4 months 
to 1 year or more. 
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Diet Phis Thyroid. TMs group included 51 patients. The dose 
was 1 grain daily of desiccated thjToid (Ai'mour) for a week, then 
gradual increase to tolerance. This was ineasui-ed, not by basal 
rates (too expensive), but by too rapid pulse, nervousness, head- 
ache or other discomfort. The pulse as taken at the' clinic was not 
allowed to go above 100. The maximum daily dose usually toned 
out to be 2 or 3 grains, and the average dose was 1 J grains. 

^ Of the 61 patients, 41 were given thjToid after they were sta- 
tionary on diet alone, 6 simultaneously with diet (on account of 
symptoms of hypothyroidism) and 4 after dinitrophenol. 

Diet Phis Dinitrophenol. This group included 23 patients. The 
drug was given and dosage controlled just as for thyroid, according 
to clinical indications and not by basal metabolic rates. The drug 
was put up in 76-mg. capsules or, more . recentl.y, in equivalent 
100-mg. capsules of sodium dim’trophenol. Patients were fii-st tried 
on 1 capsule daily for 1 week before the dose was gradually brought 
up to tolerance. The maximmn daily dose in this series was 300 mg., 
and the average daily dose was 165 mg. It was taken all in 1 dose, 
noth at least 250 cc. of water to follow, thus avoiding any epigastric 
discomfort after swallovdng; and usually in the evening, so that 
the flushing and heat which occur particularly a few hours after 
administration should come on in bed. A^o more tlian a week’s 
supply was given, and every patient was sharply warned against 
taking any more than the daily ration prescribed. 

Analysis of Data. For every tjqje of treatment the means were 
calculated for the following: age, basal metabolic rate and w^eight 
at beginning of treatment; daily caloric intake and dosage during 
treatment; length of period and weight loss before treatment; and 
number of days and w^eight loss on treatment. 

The time factor in treatment proved a difficult one to evaluate 
because the length of time between visits and consequently the lag 
in the manipulation of treatment depended much more on thc’ 
convenience of the patient than on tire demands of good practice. 
Consequently, the total average w^eight loss on any particular 
regime which w^as maintained so long as it was effective, seemed 
a better measure of effectiveness than a rate of loss. Nevertheless, 
the durations of treatment w^ere calculated, and w'hei’e thej'^ seem 
to be significant will be mentioned. In a future analysis, wffien 
more evidence is at hand, the study of the rate of loss in pounds 
per day is expected to be profitable. 

Periods longer than 1 year represent largely the records of patients 
who had been on a self-imposed effective home diet before enrolling 
in the clinic, and whose records w'ere e.xtended backw'ard retro- . 
actively to include their preliminary efforts. Their records are in 
every case pooled wdth the 1-year periods. 

Eesults. Diet alone took oft’ approximately 15 pounds in about 
3| months, and thereafter not much more (until medication was 
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added). About 1 in 4 patients, however, lost as much as 20 pounds 
in this time, achieving finally about 30 pounds’ total loss, with an 
occasional patient losing as much as 60 pounds. It was often not 
clear why some patients succeeded so much better than others, 
but in general weight loss was related to original weight, basal 
metabolism and duration of treatment. Specifically, weight loss 
and original weight showed a slight positive correlation (r = 0.33 
0.06), i. e., the heaviest patients tended to lose the most. Also, 
when the basal metabolism was normal the patients lost better 
than when it was depressed (r = 0.24 0.07). The time on 

treatment is likeivise related, although it is too variable a factor 
to warrant converting the figures into rates of loss. 

Patients’ reports of diet were apparently inaccurate. Although 
reports varied between 400 and 1600 calories, the weight loss varied 
with the reported caloric intake only in that the loss was less where 
the diet was admittedly above 1200 calories. Age also appeared 
to be a negligible factor in the present study. 

Based on the above considerations, thyroid and dinitrophenol 
may now be discussed. 

Diet Plus Thyroid or Dinitrophenol. I^Tien patients had become 
stationary on diet alone, roughly after 10 to 20 pounds had been 
lost, it was possible to induce a further loss of about 12 pounds with 
either thjToid or dinitrophenol. Specifically, this further loss 
averaged 11 pounds for 41 patients on thyroid versus 12 pounds 
for 13 patients on dinitrophenol. I^Tien the basal rate was low, 
both drugs appeared to be more effective than when it was normal, 
but the number of patients was too small to prove this. Where 
the basal metabolism was normal (above —5%), the dinitrophenol 
appeared to be more effective than the thyroid: in pounds’ loss, 
12.67 1.47 (average of 9 patients) against 7.3S =*= 1.58 (average 

of 16 patients) .. This dinitrophenol loss was accomplished in 51 days 
and the thyroid loss in 93. 

It must be emphasized that, even here, where the weight loss is 
almost twice as great on one treatment as on the other, the figures 
do not prove to be statistically significant on account of the limited 
numbers and wide distribution of results. This is true of all the 
figures reported in this paper (and, in faet, in many clinical papers). 

Nevertheless, the results of the study do show consistent tenden- 
cies which appear to be worth presenting, and which deserve to 
be extended into studies on larger series. 

Thyroid Dinitrophenol Switch and Vice Versa. After patients 
had become stationary on diet alone followed by the addition of 
either thyroid or dinitrophenol, i. e., after about 20 pounds were 
lost,^ another 4 pounds’ loss was forced by switching from thyroid 
to dinitrophenol (average of 6 patients), and also 4 pounds (average 
of 4 patients) by switching from dinitrophenol to thyroid. Since 
neither drug was notably effective in second place, this may mean 
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that, although on dinitrophenol patients apparentlj^ lose faster, they 
do not, on the average, lose more. This is a point which we par- 
ticularly wish to investigate further. 

Three groups which do not fit into the above classification are 
considered next. 

Thyroid InsiiMed Immediately. Six cases in which thyroid was 
given immediately, along mth diet, lost an average of 22 pounds, 
which is essentially the same as the loss shown by those patients 
who were given diet first and thyroid later. The time of treatment 
was around 7 months in both instances. This fact permits the 
conclusion that there is no advantage in starting medication until 
diet alone has accomplished all it can. 

Dinitrophenol Without Diet. Separately considered are the 
3 patients who failed to restrict their diets while on dinitrophenol. 
Their loss was nil (gained 1 pound, gained 8 pounds and lost 9 pounds 
respectively) during an average period of 62 days and on an average 
daily dosage of 200 mg. These 3 patients are of more interest 
than the usual cases of overeating because they had always been 
uncooperative and were chosen for just that reason in order to see 
whether weight loss could be forced, even on an unrestricted diet. 
No final conclusions are justified from 3 cases, but it would seem 
probable that, at least on moderate dosage of dinitrophenol, no 
weight loss is to be expected unless the patient is likewise restricting 
his caloric intake. 

Side Effects of Dinitrophenol. Ill effects were noticed in 3 cases: 
1 patient reported nausea after the first few doses and did not con- 
tinue with it; another finally stopped because she complained that 
she was “burning up;” a third patient was getting good results but 
was taken off the medicine after 7 days because she appeared some- 
what jaundiced, a phenomenon which is now known to be due, not 
to liver damage, but to the coloring of the serum bj" the dinitro- 
phenol itself. Other patients were able to continue vdth no un- 
favorable symptoms except flushing, occasional nightsweats and 
subjective feeling of heat. 

Summary. The methods used in treating 106 unselected obese 
patients in the outpatient clinic were analyzed, with reference to the 
effects of diet alone (100 cases), thyroid (51) and dinitrophenol (23). 

The weight losses shown here are not so great vdth any of these 
methods as could have been achieved if patients had restricted 
their diets more conscientiously. They do, however, represent the 
sort of results which may be expected in outpatient care of unselected 
patients, and, therefore, permit the following tentative practical 
conclusions: 

1. Diet alone vdll take off an average of 15 pounds in 3| months 
and, therefore, should be the first therapeutic procedure in the 
treatment of obesity. 
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2. When dieting fails to get results, either thyroid or dinitrophenol 
appears to be an effective adjunct. 

3. As an adjunct to diet, dinitrophenol is at least as effective 
as thyroid and, in patients with normal basal metabolism, possibly 
superior. 

4. Thyroid given immediately with the beginning of diet caused 
no better weight loss than when it was given only after loss on diet 
had stopped. 

5. Dietary control was necessary to achieving results with 
dinitrophenol, as it was to getting results with thyroid. Further- 
more, reasoning from the thyroid results by analogy, it would seem 
that it is worth while removing as many pounds as possible on diet 
alone before exhibiting the dinitrophenol— this on the assumption 
that with any drug which is not compensating a physiological 
deficiency, the less given, the better for the ultimate health of the 
patient. 

6. It should be emphasized that neither thyroid nor dinitrophenol 
should be used indiscriminately by patients unguided or under the 
direction of physicians inexperienced with their use. 

REFERENCES. 

1. Cutting, W. C., and Tainter, M. L.: Proc. Soc. Exp. Biol, and Mod., 29, 
1268, 1932, 

2. Cutting, W. C., and Tainter, M. L.: J. Am. Med. Assn., 101, 2099, 1933. 
(Gives references to interim papers.) 


A PRELIMINARY REPORT ON THE CLINICAL APPLICATION OF 

A POLYVALENT STAPHYLOCOCCUS BACTERIOPHAGE IN 

BRONCHOSCOPY. 

By William Frederic Moore, M.D., 

AND 

Jack William Love, M.D., 

PHILADELPHIA, PA. 

(From the Bronchoscopic Clinic of the Philadelphia General Hospital.) 

Eight years ago we attempted similar experiments in this clinic. 
At that time an autogenous polyvalent phage was developed by 
Dr. G. E. Moffitt. The attempt to make this practically available 
was abandoned for three reasons, namely: (1) the expense attached 
to its development in each individual case; (2) the elapsed time 
before the phage was available for injection; (3) the product proved 
extremely unstable. 

A commercial bacteriophage, with a mercurial salt preservative, 
was used for a 3-month period in this clinic. The results of this 
therapeutic agent have been variable. On the basis of such varia- 
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bilUy this commercial bacteriophage was tested for its living and 
active properties. It was contacted against several stock strains 
of staphylococcus with a yeast extract broth (Savita) as a medium.^ 
A “Cross-test” was performed with the above stock strains and the 
commercial bacteriophage by plating the .young sensitive stock- 
strains on a yeast extract and 1 % agar plate and then touching this 
inoculation with a small needle loop full of bacteriophage. The 
commercial bacteriophage did not show lysis or produce a “clearing” 
with the stock strains of bacteria. With these two negative tests, 
and on the basis of Rakieten’s work it was assumed that the bacterio- 
phage had been destroyed by the mercurial salt present in the 
preparation. The phage used had about one-half the quantity of 
mercurial salt as that supplied to the profession. 

An active polyvalent bacteriophage for staphylococci and strep- 
tococci has been prepared and is now used in the clinic. Several 
stock strains of staphylococci and streptococci were contacted to 
three polyvalent staphylococcus and streptococcus strains of bacter- 
iophage.® Young sensitive stock strains of the above bacteria 
(18 to 24 hours), in a Savita-broth medium, were contacted to the 
stock bacteriophage. This bacteriophage-bacteria mixture was 
incubated for 24 horn's at 37° C. and examined for lysis. Lysis was 
found to be complete and the control tubes checked this reading. 
In conjunction a “Cross-test” was made, using the same strains 
of bacteria and bacteriophage; all bacteriophage strains were found 
active on reading the agar-Savita plate after 24 hours of incubation 
at37°C. 

The tubes of bacteriophage-bacteria showing lysis after 24 hours 
were filtered through Chamberland filters (L 5 ). The filters were 
prepared prior to each filtration by subjecting them to muffled heat 
up to a red glow, cooling, packing and autocla\dng for 30 minutes at 
15 pounds pressure. A specimen of this bacteriophage filtrate was 
plated on Savita agar and tested for sterility. The filtrate was 
ampuled in 5 cc. sterile vials, closed by flame, and put in an incu- 
bator at 56° C. for 1 hour, for 3 different times. A final turbidity 
“Tyndall Effect” reading was made on the filled ampules; some, 
of the filtrate also remained at room temperature, approximately 
20° C., for several days and was read for turbidity. 

Twenty-eight patients were treated, including 14 with bronchiec- 
tasis, 10 with lung abscess and 3 with chronic bronchitis. Of 10 in 
whom the commercial bacteriophage was used, 4 showed improve- 
ment; 6 showed no improvement, either clinically or sjonptomatic- 
ally, and 1 died of an intercurrent pulmonary hemorrhage. Eigh- 
teen patients were treated with tlie special bacteriophage prepared 
for this clinic. All but one showed decided improvement after 2 or 
more instillations. Two were disdiarged from the clinic apparently 
cured. 




Fig. 1. — Case 15, Table 2, lung abscess, bronchiectasis, both lobes left side, 



Fig. 2. — Case 15, Table 2, after tivo instillations of bacteriophage. 
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TabIiE 1. — RBscrLTs IN 10 Patients Treated AVith a Commercial 
Bacteriophage.* 


Cases. 

Diagnosis. 

Laboratory findioga. 

No. of 
treat- 
ments. 

Improved. 

Unimproved. 

1. J. s. 

' 

Bronchiectasis 

Strep. \’iridan3; pneu- 
mococcus 

8 

4- 


2. J. T. 

Bronchiectasis 

Strep, viridans; pneu- 
mococcus 

3 


+ 

3. F. A. 

Bronchiectasis 
and lung ab- 
scess 

Pneumococcus, strep., 
M. catarrh., and H. 
influenzae 

1 



4. R. B. 

Bronchiectasis 

Pf. bac., pneu., strep., 
M. catarrh., non-hem. 
strep., diphtheroids 

2 


+ 

5. I. B. 

Bronchiectasis 

No specimen 

5 

-f 


6. P. H. 

Bronchiectasis 

Strep, viridans, staph, 
albus 

1 

+ 


7. J. R. 

Bronchiectasis 

Pneumococcus, hemo- 
lytic staph, albus 

5 

+ 


8. 0, S. 

Bronchiectasis 

No specimen 

2 

(Died pul. 

hem.) d- 

9. K. A. 

Empyema 

Overgrown with B. sub- 
tilis 

1 


+ 

10. M. B. 

Lung abscess, 
extensive in- 
volvement 

No specimen 

1 


(Died) + 


* Commercial bacteriophage with the addition of a mercurial salt. 


Technique. Patients were treated at 7-day intervals, except 
during a 2-week period, when the phage was not available. All 
cases of pulmonary suppuration were treated, -nuth the exception 
of those Avith a bronchoscopically evident bronchial asthma con- 
sidered to be of extrinsic origin. The technique was the same as that 
used in the bronchoscopic treatment of any pulmonary suppuration. 
The draining bronchus or bronchi were localized; any impediment 
to free drainage was removed either at once or gradually and the 
secretion present thoroughly aspirated. A specimen AA^as taken 
directly from the bronchus in a special collection tube for laboratory 
examination and culture, insuring against contamination by buccal 
or throat secretions. Five cubic centimeters of the bacteriophage 
Avere then injected directly into the bronchus, previously cleared by 
aspiration. ^ An attempt AA^as made to have this retained bj'' instruct- 
ing the patient to check the cough as long as possible. 

Observation. Adequate and continued drainage is the bronchos- 
copist s chief aim in dealing AAuth pulmonary suppuration. Thick, 
Auscid secretions undoubtedly impede ciliary action'' and may par- 
tially or completelj'' obstruct a draining bronchus. It aa'Us there- 
fore noteAAmrthy at subsequent bronchoscopies after the use of our 
bacteriophage that the secretion was both less in quantity and 
altered in quality, the secretion becoming much thinner and the 

VOL. ISO, NO. 1. — jANTJAnr, 1935 4 




94 Moore, love: bacteriophage in bronchoscopy 

odor markedly less. One patient with illness of 4 years’ duration 
received regular bronchoscopic treatments for the last 2 years, in- 
cluding also injections of the commercial stock phage, without much 
benefit. In the past 3 months, since receiving our special bacterio- 
phage, she has progressed remarkably, with improvement, as 
evidenced by lessened productive cough, after the first instillation. 


Table 2. — Results in 18 Patients Treated With a Special Polyvalent 
Staphylococcus Bacteriophage Developed at the Philadelphia 
General Hospital. 


Cases. 

Diagnosis. 

Laboratory findings. 

No. of 
treat- 
ments. j 

Improved. 

Unimproved. 

1. W. Me. 

Lung abscess 

Overgrown with B. pro- 
teus 

1 

2 1 

-1- 

i 

2. J. K. 

Lung abscess 

Strep, viridans, Staph, 
albus 

4 

1 

(Died) -b 

3. T. R. 

Lung abscess 

Pneumococcus 

12 1 

+ 


4. J. RO. 

Lung abscess 

Myriads of hemolytic 
strep, and B. influenza; 

4 

+ 


S. E. W. 

Lung abscess 

Strep, viridans, pneu- 
mococcus 

4 ' 

-t- 

1 


6. W. L. 

Chr. bronchitis 

No specimen 

3 1 

-b 


7. M. M. 

Chr.J^bronchitis 

(rt.) 

Strep, viridans, Staph, 
albus 

4 

+ 


8. M. L. 

Pulm. suppu- 
ration (rt.) 

Gauze packing; no 
growth 

4 ! 

I 

+ 


9. W. H. 

Tracheal bron- 
chitis 

Strep, viridans, M. cat- 
arrh., H. influenzse 

3 j 

+ 


10. E. H. 

Tracheal bron- 
chitis 

Strep, viridans and non- 
hemol. strep., Staph, 
albus, diphtheroids 

2 

1 + 


11. J. T. 

Pulm. suppu- 
ration (It.) 

No specimen 

4 

-b 


12. L. S. 

Pulm. abscess 
(rt. low.) 

Strep, viridans, hemo- 
lytic strop, and H. in- 
fluenz®, Staph, albus 

2 

1 

+ 


13. M. R. 

Pulm. abscess 
(It. low.) 

No specimen 

2 

-b 

rged cured) 

14. A. R. 

Bronchiectasis 

No specimen 

4 

-f (Discha 

15. F. A. 

Bronchiectasis 
and lung ab- 
scess 

No specimen j 

2 

-f (Discha 

! 

rged cured) 

16. M. 0. 

Bronchiectasis 

Strep, viridans, pneu- 1 
mococcus 1 

5 

+ 


17. W. 

Bronchiectasis 

No report 

3 

+ 


18. M. Me. 

Bronchiectasis 

1 

Strep, viridans, pneu- 
mococcus 

1 

3 

4" 



Conclusion. 1. An active polyvalent staphylococcus bacterio- 
phage, such as prepared by us, is of apparent value when applied 
bronchoscopically in the treatment of bronchopulmonary sup- 
puration. 

2. Drainage is facilitated by its use, as it changes the character 
and quantity of the secretion. 
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3. This being a preliminary, report, continued observations should 
be made to confirm the above findings. 

Dr. Love wishes to express his appreciation for the association made with Professor 
Felix d’Herelle and Dr. Morris L. Rakieten while learning much of this technique. 
It was through the kindness of Prof. d’Herelle and Dr. Rakieten that he received the 
original stock strains of bacteriophage mentioned in this paper. 
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FOREIGN PROTEIN THERAPY. 

I. Hemocytologic Changes Following the Intravenous 
Injection of Killed Typhoid, Paratyphoid “A” and 
Paratyphoid "B” Bacilli. 

By Henry F. Hunt, M.D., 

DIRECTOR OF LABORATORT, 

Carl E. Ervin, M.D., 

CHIEF, DEPARTjrENT OF INTERNAL MEDICINE, 

AND 

John S. Niles, M.D., 

MEDICAL RESIDENT, DEPARTMENTS OF MEDICINE AND CLINICAL LABORATORIES 
OF THE GEORGE F. GEISINGER MEMORIAL HOSPITAL, DANV^ILLE, PA, 

The changes in the cj^tology of the circulating blood due to the 
injection of foreign proteins into the circulation has received scant 
attention when one considers the vast amount of foreign protein 
therapy that is employed at the present time. With the develop- 
ment of our knowledge of the cytologic alterations of the blood 
it has become apparent that the reaction of a patient to an infection 
or to an intravenous injection of foreign protein is reflected in most 
instances by such call changes. 

History. For centuries it has been known those with chronic 
disease are occasionallj'^ benefited by an intercurrent acute infection. 
In more recent times it has been observed that such diseases as 
tjqilioid, tj’phus, cholera, smallpox, erysipelas and measles often 
left a patient suffering from a chronic luetic or tuberculous infec- 
tion markedly improved. With this in mind, Fehleisen cultured 
streptococci from a case of erysipelas and then injected them 
locally in a patient with lupus. The results were remarkable in 
that the patient was apparently cured. In 1886, Emmerich cured 
a case of anthrax with a similar culture. Specific therapy, however, 
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occupied the foreground until Ichikawa, in 1914, found that patients 
suffering from paratj^ihoid fever responded to injections of killed 
tj^ihoid bacilli as well as patients with typhoid fever. Vaccines 
from colon bacilli were used by Kraus, and Mazza with success in 
cases of tj^phoid fever. Ludke, in 1915, demonstrated that the 
course and sjouptoms of typhoid fever could be aborted by the 
intravenous injection of proteose. Following the use of proteose, 
the term “protein therapy” was coined. 

A number of references are found in the literature relative to the 
results obtained from the intravenous administration of foreign 
proteins. VTienever the investigators made examinations of the 
formed elements of the blood, certain alterations were consistently 
reported. Vaughn, as early as 1892, noted that a leukocytosis 
followed the subcutaneous injection of nuclein. His observations 
were confirmed by Brown and Boss, who found there was always 
a leukocytosis 4 to 10 hours after an intramuscular injection of 
sodium nucleinate. In their series the counts went as high as 
23,000 and returned to normal in from 3 to 5 days. Cowie and 
Calhoun report a series of 10 patients treated with intravenous 
injections of killed tjphoid bacilli. They observed that such an 
injection almost invariably initiated a leukopenia which was fol- 
lowed by a leukocytosis, due chiefly to an increase in the granular 
leukocytes. In the latter paper, attention is also called to the fact 
that there is a stimulation of the mesenchymal fundaments which 
is expressed by the presence of myelocytes and nucleated red cells 
in the circulation. 

Methods and Materials. In the 28 patients studied, the diagnoses 
may be roughly classified as follows; Focal infection with acute 
manifestations, 17; and focal infection with chronic manifestations, 
11. There wmre 15 males and 13 females. Of the 28 patients, 
16 received a second injection of killed organisms on an average 
of 4.7 days after the first injection. In this group there were 
9 patients with focal infection with acute manifestations and 7 
with focal infection with chronic manifestations. Divided as to 
sex, there were 10 males and 6 females. 

In each case a control count was made immediately preceding 
the injection. In many instances a blood co’unt 12 to 24 hours 
preceding the injection had been obtained, but such counts have 
been considered only as checks on the control counts. Following 
the injection of the Mlled tjpfhoid and paratyphoid bacilli a complete 
blood count was made at hourly intervals for a period of 4 hours. 
Twenty-four hours after the injection another complete blood count 
was taken. With few exceptions the blood counts lyere made by 
the same person, and the differential count in all instances was 
checked by one of us. In the differential counts particular attention 
was paid to the immature forms, and on the original protocols the 
Schilling count and shift were recorded. 
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The bacterial vaccine used was Eli Lilly and Company’s y-765, 
each cubic centimeter containing killed tyiihoid bacilli, 1000 million; 
paratyphoid bacilli A, 500 million; and paratjqihoid bacilli B, 
500 million. 

The first dose of vaccine injected intravenously averaged 0.075 cc. 
per patient, an equivalent to 75 million killed tjqihoid bacilli, 
37,500,000 killed paratjqihoid A and 37,500,000 killed paratj^phoid 
B bacilli. In the group of patients receiving a second injection 
of killed organisms, the average dose was 0.15 cc., vLich represented 
150 million killed typhoid bacilli, killed paratyphoid A and B, eacli 
75,000,000. The maximum dose was 0.2 cc. and the minimum 
0.05 cc. 

’Before Secettd Third ffurfh 'Ttach j-eeH 
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Graph I. — Average total leukocyte counts following the first and second injections 

of killed organisms. 
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Observations. Graph I shows the average total leukocyte counts 
following the first and second injections of killed organisms. The 
similarity of the two curves is most striking. In this graph there is 
not an actual leulvopenia represented, as the control count of 
20 patients showed a total leukocyte count of over 5000. A drop 
in the leidvoeyte count occurred in 21 of the 28 cases, with an 
average decrease of 4665 ; whereas 6 gave an average increase of 99.1. 
In one examination the count remained the same. Upon comparing 
the results obtained at the end of the first hour following the first 
and second injections, no consistent individual reaction was found, 
and the size of the dose administered did not seem to influence the 
count. 

In the second hour there occurs following both injections a 
recovery from the relative leukopenia to almost the pre-injection 
count. In this hour’s counts we find following both the first and 
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second injection 5 patients with a decrease in their leukoc.yte count. 
Of this number there was only 1 who showed a decrease in botli die 
first and second hours. 

The third hour counts gave a continued increase. There was 
approximately the same number of patients whose counts opposed 
the general trend as was observed in the preceding 2 hours. The 
inaximum total leukocyte count following the first injection of 
killed organisms occurred in this hour’s count. 

In the fourth hour the count following the first injection remained 
the same, whereas following the second injection the maximum count 
was obtained. Again a small percentage of the counts showed a 
decrease. 

One more series of counts was obtained 20 hours later, or 24 hours 
after the injection of the killed organisms. In both curves there 
was a decrease in the total leukocyte count, the counts following the 
first injection dropping to a lower level than those following the 
second. After both injections the final counts were higher than 
the control counts. At the end of 24 hours there was again a 
discrepancy in that a few patients showed an increased leukocjde 
count over the count immediatelj'^ preceding. 

Following each injection of killed organisms the blood studies 
consisted of hemoglobin determinations, a count of the red blood 
cells, white blood cells, color index and a complete differential count. 
The only significant findings occurred in the leukocyte count and 
in variations in the number of neutrophilic granular leukocytes, 
small lymphocytes and metamyelocytes. 

On Graph II are shown the total leukocyte count, the average 
neutrophilic granular leukocytes, the small Ijonphocyte and the 
metamyelocyte count, the latter 3 expressed in percentage. The 
counts from which these curves were plotted were obtained after 
the first injection of killed organisms. 

It will be recalled that 28 patients were examined in this group 
and that the total leulvocyte count was discussed in a preceding 
paragraph. The trend of the total leukocyte counts, tlie neutrophilic 
granular leukocyte and the metamyelocyte counts is most strildng. 
The period of relative leukopenia corresponds with a decrease in 
the number of neutrophilic granulocytes, although during this 
period the metamyelocytes definitely increased. In almost every 
instance the metamyelocyte increase preceded the neutrophilic 
granulocyte increase by 1 hour. The maximum degree of increase 
of the metamyelocytes always occurred during the second hour, 
altliough the maximum percentage was not attained until the fourth 
hour. Comparing the neutrophilic granular leukocyte and meta- 
myelocyte curves it is noted that they are almost parallel except 
during the first hour. 

The curve representing the lymphocyte count is quite consistent. 
This type of cell increases in number during the period of leukopenia. 
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but rapidly falls to below normal leAml as well as the control level 
during the second, third and fourth hours. The upward trend' 
occurs between the fourth and twenty-fourth hours, but the final 
count does not equal the control. In addition it will be noted that 
this curve is just the reverse of that of the neutrophils and total 
leukocyte count. 
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cyte, the small lymphocyte and the metamyelocyte counts following the first injec- 
tion of killed organisms. 


In all the examinations there were counts whose trends were at 
variance witli the majority, but in no instance did this variance 
persist in the same patient. This statement in turn holds true for 
tlie next group. 

Of tlie 28 patients previously discussed, 16 had a second injection 
of vaccine. Graph III represents as before the average total leuko- 
cyte count and the average percentage of neutrophils, small l;^Tn- 
phocytes and metamyelocjdes. The trends of these curves are 
identical with those following the first injection, and it is noticeable 
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that the total count varies little even though the average dose is 
almost doubled. 

Of most interest to us in the study of these differential cell counts 
were the cells of the myeloid series. As has been previously men- 
tioned, the-neutrophilic granular leukocytes closely followed the total 
leukocyte curve and at the peak of the curve many young adult 
granular leukocytes were found. The immature forms of the 
myeloid series that had made their appearance early in the reaction 
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Graph III.~The total leukocyte count, the average neutrophilic granular leuko- 
cyte, the small lymphocyte and the metamyelocyte count following the second 
injection of killed organisms. 


reached their maximum number at the same time. These immature 
forms were, with the exception of 2 instances, all metamyelocytes 
of the neutrophilic type. 

In the 220 blood counts studied, 5 myelocytes were found, and 
these occurred in 2 patients following the first injection. _ In 1 
patient there was found 1 myelocyte in the third, and 3 in tlie 
fourtli hour. The remaining cell was found in the 24-hour count 
of the second patient. 
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Our findings in this respect differ from those of Cowie and Calhoun 
who report that myelocytes were found quite regularly after injec- 
tion in 24 out of 29 reactions. In their series they also observed 
that nucleated red cells were found in 7 out of 10 cases, while in our 
series they occurred in only 2 examinations. As the total number 
of nucleated red cells found was only 3, and as 2 of these were in 
the same count, we do not consider then presence significant. 

Discussion. Many theories have been advanced to explain the 
results that occur following intravenous foreign protein medication, 
but no theory has been generally accepted. It is thought that the 
beneficial results obtained are due primarily to a strengthening of 
the immunogenic system of the body. Resistance or immunity is 
dependent upon the formation of substances Imown as antibodies. 
Phagocytosis of invading organisms by certain strains of leukocytes 
is another important factor in the recovery of a patient from bac- 
terial disease, in fact, in discussing the subject of resistance, immu- 
nity and phagocytosis cannot be separated. Where antibodies are 
formed has been the subject of much experimental work, and the 
most generally accepted theory is that some antibodies are formed 
locally, while others appear to be formed simultaneously throughout 
the body. In the literature suggestions are found that the reticulo- 
endothelial system is the site of formation of these substances, but 
such an activity has not been satisfactorily demonstrated. Piney 
states that “The failure to obtain decisive results is doubtless due 
in part to the impossibility of completely ablating the function of 
the cell and so reducing the formation of these substances.” 

Inasmuch as neutrophilic granular leulvocytes are phagocytes 
and, if one adheres to the view held by the monophyletists, tliat 
these cells originate from fixed cells that are known to have phago- 
cytic powers, it may be inferred that there has occurred a stimula- 
tion of the reticuloendothelial system with the resulting formation 
of new phagocytic forms and a more rapid phagocytosis of the 
offending organisms. On the other hand, if the reticuloendothelial 
system is the site of the formation of antibodies the stimulation 
that it has received may have resulted in the production of more 
immune bodies. Judging from the tjqie of immature cells that are 
found in the circulation following injections of foreign proteins, such 
a stimulation has occurred, and the beneficial results that the 
patients received may be due to either one of the two preAuously 
mentioned factors, although fever and vasomotor dilatation may 
also be important. 

In this paper we do not attempt to prove that the beneficial 
results obtained are due either to tlie phagocytic action of the leuko- 
cytes or to an increase in the immunogenic substances in the body. 
We do not think, however, that the increase or decrease in the 
number of the leukocji:es, especiallj'- Rm granular type, does indicate 
the degree of reaction of jthe^r^I'irafiTTCTido'thclifd system to the 
foreign protein injected. ^ . ■ ' ' ' 
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Conclusions. 1. Tlie significant liemocytologic changes following 
intravenous tj^ihoid vaccine therapy are found in the leukocyte 
count, the neutrophilic granular leukocytes, metamyeloc^des and 
Ijonphocytes. 

2. Following the injection of the killed organisms a relative 
leukopenia occm-s in the first hour followed b5^ a return to pre- 
injection level in the second hom*. In the third and fourth hours 
there is a leukocytosis, followed by a drop to almost pre-injection 
level at the twenty-fourth hour. 

3. The neutrophilic granular leukocyte response closely parallels 
the response of the total leukocytes. 

4. The metamyelocytes show no initial decrease but a steady 
increase during the first 4 hours; their number at the end of 24 hours 
is practically normal. 

5. The lymphocytes show an increase in the first hour with a 
decrease in the following 3 hours. The 24-hour count shows an 
increase to near pre-injection level. 

6. These hemocytologic changes are transient, as evidenced by 
the fact that the counts at the end of 24 hours had returned to 
the pre-injection level. 
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In the description of a technique for the macroscopic examination 
of blood, it was elsewhere^ stated that the hematocrit employed 
could be used not only for the determination of volume of packed 
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red cells, volume of packed white cells and platelets, and of icterus 
index, but also for the determination of sedimentation rate. The 
introduction of this hematocrit for the latter piu'pose, in spite of 
the fact that a great variety of sedimentation tubes is abeady 
available, is justified because this instrument may be employed 
with little additional effort for the other purposes mentioned and 
because the sedimentation rate may, by the determination of the 
volume of packed red cells in the same instrument, be very readily 
corrected for degree of anemia. It has been repeatedly demon- 
strated^’^’^'® that a reduction in the number or mass of red corpuscles 
of itself leads to a decreased suspension stability of the blood, and 
that allowance must be made for this factor in determining the 
true sedimentation rate of the red corpuscles. 

Various investigators have shown^-®’® that a number of factors 
influence the sedimentation rate of erythrocytes. The following 
studies were made with the purpose of evaluating these factors 
as influencing sedimefltation of red corpuscles in the hematocrit 
used by us^ and with the object of defining the conditions under 
which this instrument should be employed. 

Probable Error of the Determinations. With the object of deter- 
mining with what precision sedimentation readings may be made 
on the same sample of blood, 9 experiments were carried out, in 
each of which 6 hematocrits were filled with blood and read at the 
end of 1 hour. The sedimentation rate of these bloods ranged from 
2 mm. to 69 mm. The standard deviations of the readings in each 
experiment ranged from 0.13 to 0.89 mm. and averaged 0.48 mm. 
It may, therefore, be concluded that determinations in different 
tubes must be considered as not significantly different unless their 
difference is greater than 2 mm., which represents more than twice 
the greatest observed standard deviation. 

Effect of Anticoagulant. Rourke and Plass® showed that heparin 
does not alter the sedimentation rate of red corpuscles. Conse- 
quently the influence of dry potassium oxalate, 2 mg. per 1 cc. of 
blood, which is the amount of anticoagulant recommended for use 
with the hematocrit,^ was studied by comparing the sedimentation 
of blood collected in this way with that of blood collected in heparin 
(2 mg. per 5 cc. blood). A measured quantity of venous blood was 
mixed with potassium oxalate while another portion of the same 
blood was mixed with heparin. In 4 experiments the sedimentation 
rate of the samples was measured at 5-minute intervals for 1 hour, 
and at hourly intervals thereafter (Fig. 1); in 15 ex-periments 
readings were made at hourly intervals for 3 hours (Fig. 2). 

Contrary’’ to the contention of Rourke and Plass, ® we have found 
that potassium oxalate in the quantities employed is a satisfactory 
- anticoagulant and does not depress the rate of settling. There was, 
on the whole, very good agreement, as Figures 1 and 2 indicate, 
between the sedimentation as recorded in oxalated blood and that in 
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heparinized blood. TJiis was as true for readings made at tlie end 
of 2 and 3 hours as after 1 hour. 

The disagreement between our observations and tliose of Eourke 
and PJass can probabl 5 '’ be accounted for in part by the somewhat 
lower concentration of oxalate which we have used (10 as compared 
wdth 14 mg. per 5 ce.). We have, however,' failed to note a consis- 
tently depressing effect on sedimentation even of greater quantities 
of potassium oxalate (Fig. 3) such as these investigators describe. 


Pio. 1. Seduientation Rate of Blood Collected in Solid RoxASsrusi Oxalate 
(10 MG. PER 6 cc. of Blood) Compabed-With Th.at of Blood 
Collected in Heparin (2 mg, per 5 cc. Blood). 



Curves to be compared are numbered l.OX and l.H, 2.0X and 2.H, etc. During the 
first hour of sedimentation, readings were made at 5-minute intervals. 


Following the suggestion of Heller and Paul* we have commenced 
to employ as an anticoagulant for human blood, a mixture of am- 
monium oxalate and potassium oxalate (6 mg. of the former and 
4 mg. of the latter per 5 ce. blood). In these proportions no differ- 
ence in the volume of packed red cells as compared with the volume 
in heparinized blood has been noted and, consequently, no correction 
for shrinkage is necessaiy. In a series of experiments the sedimen- 
tation rate of blood collected in this new anticoagulant mixture 
agreed, within limits of technical error, with that of heparinized 
blood both when readings were made at 5-minute intervals and 
when only at the end of 1 hour. 

* J. Lab. and Clin. Med., 19, 777, 1931. 
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Influence of Bore and Length of Tube. From a large sample of 
blood collected in potassium oxalate in the concentration of 10 mg. 
per 5 ec., a series of tubes of different lengths and bores was filled 
and sedimentation readings were made during the same period of 
time and under similar conditions. This experiment was repeated 
7 times. The results, shown in Table 1, indicate that length of tube 
is a factor in influencing the sedimentation of erythrocytes. As 
was to be expected, the longer the tube, the greater was the distance 
traversed by the sedimenting red corpuscles. It must be observed. 

Fig. 2. — Cohrelation of Sedimentation Rates of Blood Collected in Solid 
Potassium Oxalate and in Heparin. 



The solid circles represent readings at the end of 1 hour, the open circles readings 
at the end of 2 hours, and the crosses readings at the end of 3 hours. The averages 
of all the readings at the end of these periods of time for oxalate and for heparin, 
respectively, were 43.5 and 42.0 mm., 48.9 and 47.2 mm., 54.7 and 52.0 mm. 


however, that distance traversed was not directly correlated with 
distance to be traversed, for in the tube 300 mm. in length -(No. 4) 
the sedimentation was only slightly greater than in tubes one-third 
this length (Nos. 1 and 5). In fact, the readings at the end of the 
first hour in Nos. 1, 2, 4 and 5 were quite similar and in all but the 
longest tube (No. 4) this similarity was present, though to less 
extent, in the 2d and 3d hours. In contrast to the continuing 
sedimentation after the 1st hour in the longer tubes (Nos. 4, 1, 5 
and 2) it is of interest to note that in the shorte.st tubes (Nos. 3 
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and 6), little further change took place after the 1st hour, the “stage 
of packing”^ having apparently been reached. 

Fig. .3.— Correlation op Sedimentation Rates of Blood Collected in Low 
AND IN ReL.ATIVELY HigH CONCENTRATIONS OP SoLID POTASSIOM OXALATE. 



The solid circles represent readings at the end of 1 hour, the open circles at the 
end of 2 hours. The averages of all the readings at the end of these periods of time 
for 10 mg. and for 40 mg. o.valate, respectively, were 49.9 and 47.9 mm., 56.9 and 
55.2 mm. 

Table 1.— Effect of Bore and Length of Tube. 


Sedimentation in milUmeters. 


Time 

in 

hours. 

1 

Tube; 1* 

2 i 3 

i 

5 

1 

1 ® 

7 

8 

L I B 
100j2.5j 

L 

70 

B 

2.5 

L B 
35 2,5 

L 1 B 
300 6,0 i 

m 

i L 1 B 

1 35 1 6.0 

1 ! 

L B 
40 4.5 

L 

40 j 

B 

11.0 

1 ! 

31.0 

26.0 

17.0 

35.0 

28.5 

17.0 ! 

1 1 

21.0 

20.0 

2 

45.5 

36.0 

19.5 


■IglQMIIIIgQII 

28.0 

27.0 

3 

5S.5 

45.0 

[ 

21.0 

1 

104.5 

1 50.5 i 22.0 i 

1 1 

30.0 

29.5 


L and B represent length and internal diameter, respectively, in millimcterB. 
* Author’s hematocrit. 


Within the ranges observed, namely, 2.5 to 11 mm., it does not 
seem that the bore of the sedimentation tube is of significance when 
columns of blood of equal height are compared. It has been pointed 
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out, however,®'® that tubes less than 2 mm. in internal diameter are 
unsatisfactory because sedimentation is uneven in such tubes. 

Inclination of the Tube. It has been repeatedly demonstrated®' 
that a deviation of the sedimentation tube from the perpendicular 
position causes an acceleration of the sedimentation rate. From our 
own observations (Table 2) in a tube 100 mm. in length, it appears 
that an inclination of as little as 2.3% causes an acceleration of 
30%. The physical basis for the increased sedimentation rate in 
inclined tubes is clearly explained by Ponder. ® 


Table 2. — Influence of Inclination of Tube. 


Inclination of < 
tube. 

VertU t 
cal. , 0.4® 

j 

1.0“ 

0 

O 

2 3“ 

b 

0 

4 0“ 

1 5.0“ 

j 

6.5® 

10.0“ 

15.8“ 

r " • j 

16.0® 

23.5° 

Sedimentation in 

1 hour, mm. 

, i 

30.0 

29.0 



1 39.0 

■ 




j 44.0 


i 

43.0 


Sedimentation in 

1 hour, mm. 

1 17.0 

1 .... 

17.5 

17.0 


22.0 

24.0 1 

1 

1 

25.5 

i 

i i 

1 .... 1 

; .... 

1 


Sedimentation in 

1 hour, mm. 

1 10.5 

[ 

1 ! 




1 

14.0 


30.0 


31.5 

Error due to in- ! ' 

clination, per ' 



j 

' 41 

i 



i 

1 


Effect of Temperature. All observers®'"'^^ agree that the temper- 
ature of the room or receptacle in which the sedimentation test is 
carried out influences the sedimentation rate, there' being increased 
settling with rising temperature. Our own experiments, carried 
out under controlled conditions and in carefully regulated water 
baths, show a consistent increase in rate as temperature rises. 
In Table 3, the means for 10 experiments on bloods with sedimenta- 
tion rates ranging (at 22° C.) from 2 to 55 mm. are shown. 


Tabib .3. — Effect of Variations in Tes'peratube. 


Temperature C. |10“| 15“ ' 20“ | 21“ 

! ' i ' 

22” 1 23“ ' 24“ 1 25“ [ 20“ 

1 

27® ' 28° , 29° i 30® 

31“ j 32“ 

Sedimentation mm. i 1 ' 1 

in I hour jO.O; 19.0,32 6,33.0; 

! : i ! 

33.4 33.9 35.1135.7. 37.0 

1 ‘ 1 

35.9 37.1 37 c'37 6: 

I 

1 

38.6,40.2 

1 


Westergren'i has suggested that a correction of the sedimentation 
rate be made for the influence of temperature. Since the differences 
within the average range of temperature of most laboratories are 
small, it seems more practical to carry out the test in a room tem- 
perature of 22° to 27° C., modifications in technique being made 
only when temperature conditions are unusual. The efl'ect of 
difierences in temperature must be borne in mind particularly when 
the sedimentation Teadings are near the limit of normal or when the 
progress of a patient is being followed from time to time by means 
of this test. 
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Changes in Suspension Stability of Blood as Influenced by Delay in 
Carrying Out the Test. It has been stated that a specimen of 
blood may be alloy'ed to stand at room temperature for several 
hours vdthout changing its suspension stability. We have found, 
however, that after 4 hours significant differences occur although 
in some instances these have not been noted sooner than 6 hours 
after the collection of the blood. Delay causes a decrease in the 
sedimentation rate. We have found no changes in sedimentation 
rate in samples of blood kept in a refrigerator (9° C.) and subse- 
quently warmed to room temperature as long as the test has been 
carried out within 4 hours of the drawing of the blood. 

Miscellaneous Factors Which Appear to Exert No Significant Influ- 
ence on Sedimentation Rate. Under this head may be included: (i) 
the specific gravity of the red corpuscles themselves, or their 
size;^^ (ii) aeration of the blood or loss of carbon dioxid;® (iii) the 
collection of blood from arteries or veins;*® (iv) centrifuging the 
blood and subsequently remixing the cells and plasma;® (v) the 
ingestion of food,® and (vi) short violent exercise.® 

The Concentration of the Suspension. It has been repeatedly 
demonstrated^’ that the concentration of the blood is a 
very important factor in influencing the sedimentation rate, the 
more dilute the blood the greater being the speed of settling. Fahr- 
aeus*® has pointed out that this relation is not direct or linear, 
there being, catcris paribus, less tendency to aggregate in blood 
sparse in red corpuscles. The influence of concentration has been 
shown to be so great, that a number of investigators have recom- 
mended that the observed sedimentation rate be corrected for the 
degree of dilution (anemia) or concentration (polycythemia) of the 
blood. This may be done by taking into account the red cell count,® 
the hemoglobin content^® or the volume of packed red cells.®’®* 

By far the simplest procedure is to make a correction according 
to the volume of pack^ red cells for, if the hematocrit is used for 
dkermining sedimentation rate, all that is required is centrifuga- 
tion of the tube after the sedimentation rate has been determined. 

Rourke and Ernstene® have prepared a chart for correcting the 
sedimentation rate as judged by the "period of constant sedimenta- 
tion” or period of most rapid fall and have devised a “corrected 
sedimentation index.” Their chart may be satisfactorily employed 
in connection with the hematocrit employed by us for this instru- 
ment is of the same length and only of slightl}’’ less inside diameter 
than the tube of Rourke and Ernstene. 

The determination of the “corrected sedimentation index” of 
Rourke and Ernstene requires the recording of degree of settling 
at frequent intervals. This may be satisfactorily done by photo- 
graphic means,®® but the requisite apparatus is not available to 
every laboratory, and to read the degree of sedimentation every 
few minutes requires time and seriously detracts from the simplicity 
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which is the outstanding merit of the sedimentation test. Conse- 
quently it was thought advisable to prepare a chart which would 
serve to correct the sedimentation rate as read at the end of 1 hour.' 

Data for the preparation of a correction chart were obtained as 
follows; A large sample of blood was collected in solid potassium 
oxalate, 10 mg. per 5 cc. of blood. The sedimentation rate of this 


Fig. 4.— Correlation of Sedimentation Rate and Volume of Packed Red Cells, 



Each curve represents an experiment in which successive dilutions of blood were 
made with plasma and sedimentation rate was determined for each sample so pre- 
pared. Curves 1 to 13 are derived from the blood of normal men, Curves 14 to 21 
arc from the blood of normal women. The curve outlined most heavily is a logarith- 
mic curve based on these observations. 


blood and the volume of packed red cells were determined. Sub- 
sequently, the blood was diluted with increasing quantities ofdts 
own plasma and the rate of settling and volume of packed red cells 
were determined on each sample of diluted blood. In this way G 
to 9 dilutions were made with each sample. The determinations were 
made under the conditions already outlined as necessary for the 
accurate performance of the sedimentation test. Twenty-one 
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experiments were carried out in this way. The blood was obtained 
from 13 normal men and 8 normal Avomen. The sedimentation 
rates in these experiments varied from 1 to 98.5 mm. in 1 hour and 
the volume of packed red cells ranged from 52.5 to 1.5 cc. per 
100 cc. of blood. The curves for each of these bloods are shown in 
Figure 4. 

Analysis of these data revealed a high degree of correlation 
between sedimentation A^elocity and volume of packed red cells, the 
lower the latter, the greater being the rate of settling. The correla- 
tion coefficient was — .8642 ± .0127. Comparison with the correla- 
tion ratio Avhich was .9202 showed, hoAvever, that the correlation 
was non-linear, f being .1000 ±.0304. 


Fig. 5. — Chart for Correcting Sedimentation Rate for Variations Resulting 
From Differences in the Concentration of Red Corpuscles 
AS Measured by Volume op Packed Red Cells. 



The logarithmic curve on which the chart is based is heavily outlined. The mean 
normal volume of packed red cells for men (47 cc.) and for women (42 cc.) arc also 
he■a^'ily outlined and the range of normal sedimentation is represented by solid 
and open columns for each sex, respectively. 


Since the correlation for the data obtained for male blood ( — .8970 
±.0132) was not very different from that obtained for female 
blood ( — .8680 ±.0196) and since the individual curves for the two 
sexes did not seem to differ, all the data obtained were utilized for 
the preparation of a corrective curve. A logarithmic curve of the 
formula, y = 44.97 - 1.37x - 23.4 log x, was found to best fit the 
obserA'ations, 
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A correction chart wliich lias been prepared on the basis of this 
curve is shown in Figure 5. An example will serve to explain how 
tbe chart may be used. 

Let it be supposed that the sedimentation rate of the blood of a female 
patient is 40 mm. in 1 hour and that the volume of packed red cells is 25 cc. 
per 100 cc. of blood. The horizontal line at 40 on the chart is followed to 
the right as far as the point at which the vertical Hne rising from 25 meets 
it. The curved line nearest this point is then followed downward and to the 
right, as far as the normal line for volume of packed red ceUs in women. 
It is foimd that the curve in this instance meets the normal line opposite 
H mm. Consequently the “corrected” sedimentation rate is 11 mm. This 
is well within the range of sedimentation in the blood of normal women. 
It is assumed that the original sedimentation rate of 40 mm. is no greater 
than would be e.\pected if the blood of a normal woman had been diluted 
to 25 cc. of packed red cells per 100 cc. blood. However, if the sedimenta- 
tion rate for tliis blood had been found to be 70 mm. wliile the volume of 
packed red cells remained the same (25 cc.), the corrected sedimentation 
mte would be 30 mm. Since this is distinctly greater than normal, the 
inference is drawn that the sedimentation rate of this blood is greater than 
can be accounted for by the anemia alone. 



Fig. 6. — CoRnBi..^.TiON of Actual and Calculated Sedimentation Rates. 

ConnELATiON Coefficient, .7950 ± . 0272 .) 

The accuracy of this chart was tested in the following manner. 
Blopd was obtained from a series of 31 patients suffering from a 
variety of ailments and having various grades of anemia. Sedimen- 
tation rate and volume of packed red cells wmre determined. The 
blood was then concentrated by withdrawing plasma, and sedimenta- 
tion rate and volume of packed red cells were again determined. 
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Frequently this procedure was repeated and thus a total of 45 
determinations were carried out. In Figure 6 the relation of the 
sedimentation rate actually found after concentration of the blood, 
is compared with the sedimentation rate calculated for the original 
sedimentation rate and volume of packed red cells at the level of 
packed red cells fotmd in the concentrated blood. It will be seen 
that the correlation, although not perfect, is nevertheless quite high. 



Sedimentation Rate in Normal Adults. Blood was obtained from 
137 men and 100 women. The men were medical students who had 
received a complete physical examination 1 to 4 months prior to the 
blood examination. As far as can be judged by history, physical 
examination, roentgenograms of the chest, blood counts and Was- 
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sermaim tests, these inen were in excellent health and none suffered 
from even a mild infection at the time of blood examination. The 
women included a number of medical students but were chiefly 
nui-ses. With the exception of roentgenograms of the chest, the 
latter were judged to be in good health by the same tests as the 
medical students. The sedimentation test was carried in the manner 
already outlined^ and the precautions already considered were 
observed. Red cell counts, hemoglobin and volume of packed red 
cells were determined on the same samples of blood and these have 
been reported elsewhere.^® 

The frequency distribution as well as other statistical data for 
these observations are presented in Figure 7. It will be noted that 
the mean for meh is much lower than that for women and also that 
the variation in sedimentation rate in the latter is much greater 
than among the men. The variation observed in the men was only 
slightly correlated with volume of packed red cells, the correlation 
coefficient being —.2334 .0545. Among the women no correlation 

was observed 'between sedimentation rate and volume of packed 
red cells, the correlation coefficient being —.0258 .0650. 

The data available do not afford any evidence concerning the 
cause of the wide variation in sedimentation rate in the women. 
The date of the last menstrual period was recorded when the blood 
was drawn for the sedimentation test but the information gathered 
fails to reveal significant information. The mean sedimentation 
rate during the first postmenstraal week was 10.2 mm.; during the 
2d week, 9.3 mm.; during the 3d, 8.6 mm., and during the 4th 
week 10.9 mm. Although these figures show somewhat higher values 
in the weeks immediately preceding and following menstruation, 
the differences are too small to permit conclusions to be drawn. 
Greisheimer"^ noted a greater variation in sedimentation rate in 
women as compared with men but did not find that this was related 
to the menstrual periods as earlier observers had suggested. 

In setting the maximum limits of normal variation in sedimenta- 
tion rate, it is probably quite adequate to consider the mean value 
plus or minus twice the standard deviation, since this includes 
95.45% of all the variates. This would set the limit of normal in 
men at 0 to 9 mm. , and in women 0 to 20 mm. In the great majority 
of normal men sedimentation rate should really be no greater than 
6.5 mm., and in women no greater than 15 mm. These values 
represent 86.4% of all the variates observed. 

Summary and Conclusions. The influence of various factoi-s on 
the suspension stability of the blood has been studied, conditions 
for its accurate performance have been considered, and the normal 
sedimentation rate under these conditions determined. 

The use of a special hematocrit is recommended for the determin- 
ation of the sedimentation rate because the same instrument can 
be used subsequently for the measurement of volume of packed red 



114 WINTROBE, landsberg: blood sedementation test 

cells, volume of packed white cells and platelets, and icterus index. 
The determination of volume of packed red cells is especially 
valuable because by this means the sedimentation rate may be 
corrected for alterations due to anemia. 

The following appears to be a satisfactory and accurate method 
of procedure: 

Method. 1 . Five cc. of venous blood is collected by means of a dry sjT^inge 
and needle and- mixed in a small bottle containing 4 mg. solid potassium 
oxalate and 6 mg. solid ammonium oxalate. This concentration of 
oxalate does not alter the sedimentation rate as compared with that 
of blood collected in heparin. Less than 1 cc. of blood is needed for the 
sedimentation test. The remainder can be used for other blood exam- 
inations. 

2. The blood so collected should be used for the detetmination of sedi- 
mentation rate witliin 4 hours of its time of collection. Ihrther delay may 
be associated vnth increased suspension stability of the blood. 

3. The hematocrit is filled to the 10 cm. mark with blood. The upper 
level of sedimenting corpuscles may be read at frequent intervals or, more 
simply, a single reading may be made at the end of 1 hour. 

4. Since sedimentation rate increases with increasing temperature, the 
sedimentation test should be carried out at a temperature not less than 22° 
nor greater than 27° C. Within this range variations resulting from differ- 
ences in temperature are small. If the blood used has prewously been kept 
in a refrigerator it should first be permitted to attain the above temperature 
before being used. 

5. The hematocrit should be kept in an exact vertical position during 
the sedimentation of the blood corpuscles, for when the instrument stands 
at an angle of even 3° from the vertical, significant acceleration of sedimen- 
tation takes place. 

6. After sedimentation rate has been determined, the hematocrit con- 
taining the blood should be centrifugalized and volume of packed red cells 
determined. The sedimentation rate may then be corrected for alterations 
due to anemia. A correction chart is presented. 

The average sedimentation at the end of 1 hour has’ been found 
to be, in healthy men, 3.7 mm. and, in normal women, 9.6 mm. In 
86 % of the men examined the sedimentation rate ranged from 0 to 
6.5 mm., whereas in the same proportion of women the sedimenta- 
tion rate ranged from 0 to 15 mm. In an additional 9% the sedimen- 
tation rate ranged as high as 9 mm. in men and 20 mm. in wmmen. 
These values probably represent the extreme range of normal varia- 
tion under the conditions outlined. 

We are indebted to Mr. Wilbur Rigger for technical assistance. 
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MACROCYTIC ANEMIA AND HEPATIC CIRRHOSIS. 

By D. 0. Wright, B.S., M.D., 

INSTRUCTOB IN MEDICINE, TEIANE UNIVEBSITT OF EOEI8IANA; ASSISTANT VISITING 
PHYSICIAN, CHARITY HOSPITAL OF LOUISIANA, 

NEW ORLEANS, LA. 

(From the Department of Medicine, School of Medicine, Tulane University of 
Louisiana and the Charity Hospital of Louisiana.) 

The not infrequent occurrence of a blood picture in hepatic 
cirrhosis that approaches that of pernicious anemia during remission 
has been widely recognized but not sufficiently appreciated. The 
purpose of this communication is to report the blood pictures of 
12 cases of portal cirrhosis and to present the data obtained from 
a reidew of 41 case records. 

The fact that the patients showing this type of blood picture do 
not resemble clinically pernicious anemia, plus the fact that such 
descriptive terms as “pernicious anemia-like blood picture” or “a 
blood picture tliat closely resembles pernicious anemia” are cum- 
bersome, lengthy and inflexible, seems to justify the coining of an 
appellation such as pernicioid (pernicious-like) anemia. Therefore, 
this term will be used in the followdng discussion. 

Review of Literature. Recent reports calling attention to this 
pernicioid, or pernicious anemia-like, blood picture have been made 
by Wintrobe and Shoemaker, Goldhamer, Van Du}d and others. 
An, adequate re\dew of a number of reports of less recent date has 
been presented in the article by Wintrobe and Shoemaker.^ 

Goldhamer- reports such a case of hepatic cirrhosis with free 
hydrochloric acid present in the gastric contents. Liver therapy 
produced a hemopoietic response similar to that observed in patients 
vath true pernicious anemia. He suggests that an additional factor 
in the production of a blood picture resembling pernicious anemia 
may be interference vdth the storage of the material necessary for 
the maturation of red blood cells. 
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Van Duyn’ reports 4 cases : 1 of hepatic cirrhosis, 2 -swth hepatitis 
and cirrhosis and 1 with chronic diffuse and acute hepatitis. Free 
hydrochloric acid was present in the gastric contents of all 4 patients. 
In a review of 28 case records of hepatic cirrhosis he found 5 (18%) 
with a high color index in the presence of an anemia. He points 
out a group of conditions which are associated with a macrocytic 
tj^ie of anemia and in which diseases of the liver are outstanding 
features and suggests that diseases of the liver should be given 
a place in the mechanism of the production of a macrocytic anemia. 

Wintrobe and Shoemaker* report 11 instances of macrocytosis in 
43 cases with various hepatic disorders. There is an absence of 
free hydi-ochlorie acid in 6 of the 10 patients in whom gastric 
analyses were performed. The presence of the extrinsic factor 
of Castle was demonstrated in the gastric contents of 1 of these 
patients. A clear-cut response to liver therapy was not observed 
in 3 eases, but in the 4th a maximal response of reticulocytes 
occurred. They suggest that this macrocytosis may be the result 
of the inability of the damaged liver to store the hematopoietic 
substance formed by the interaction of Castle’s intrinsic and extrin- 
sic factors and by a combination of partial gastric disturbance and 
incomplete liver damage. 

Methods. The methods used have been described l^y Musser and 
Wintrobe.^ The average of 2 hematocrit readings was used in eacli deter- 
mination. All erythrocyte counts reported are the average of 2 counts 
that check vdthin 100,000. All hemoglobin determinations were made by 
the Newcomer method. 

Swmiary of 12 Cases Studied. (Table 1.) A clinical diagnosis 
of portal cirrhosis was made in all cases without equivocation. 
Additional diagnoses, when present, are given in Table 1. 

The average age was 54 years (extremes, 41 and 76). Their 
history of alcoholic consumption varied ; 6 had long revelled in the 
false felicities of chronic inebriety; 2 professed abstemious lives, 
while the remaining 4 had used strong drink in moderate or negligible 
quantities. Free hydrochloric acid wms absent in 6 of the 8 cases 
in which gastric analysis was performed. The first 4 cases are of 
special interest because they maintained a color index above 1, in 
spite of the fact that the portal cirrhosis was accompanied by 
conditions that are commonly associated with a microcytic hjTper- 
chromic type of anemia. Clinical jaundice w'as absent in all cases. 

The color index was more than 1 in 9 cases; the average for the 
entire group was 1.09, the lowest 0.81, and the highest 1.36. The 
mean corpuscular volume was above 90 in 7, the average was 90.1, 
the lowest 80.7 and the highest 96.4. The increase in color index 
Avas more constant than the increase in cell size which was at the 
upper limit of normal. The average erythrocyte count was 4,039,000. 
Twm of the cases had counts above 5,000,000. The total leukocyte 
count was below 5000 in 5 cases, above 7500 in only 2; the average 
for the 12- cases was 5840. The low white cell count emphasizes 
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the point brought out by King,® that the presence of leukopenia 
cannot be used as a criterion for the differential diagnosis of Banti’s 
disease with secondary cirrhosis from portal cirrhosis. 

Table I. — Analysis of Data of 12 Cases With Mackocytosis. 


Case 

No. 

M.C.V.* 

Color index. 

6? 

d 

IS 

*3 

0 

S 

w 

<C 

c 

.2 

11 

ri a 

Oi 

c 

C3 

<0 

-Sa 

£2 0 

g- 

Free HCl. 

CD 

a> 

-S 

p 

w 

0 

(g 

0 

Additional 

diagnoses. 

1 . . . 

95.0 

1.20 

89.7 

3.67 

3.5 

0 

+ 

+ 

+ 

Alcoholic neu- 
ritis. 

2 . . . 

83.4 

1.36 

103.0 

3.76 

5.5 

0 

+ 

+ 

+ 

Amebiasis. 

3 . . . 

92.0 

1.03 

82.8 

4.06 

11.5 

6 

+ 


+ 

Uncinariasis. 

4 . . . 

91.0 

1.26 

48.3 

1.98 

3.7 

0 

? 

+ 

+ 

Tertian mal- 
aria. 

5 . . . 

92.6 

1.06 

82.8 

4.26 

7.5 

? 

+ 

+ 

0 


6 . . . 

94.0 

1.01 

79.0 

3.94 

, . 

6 

+ 

+ 

0 


7 . . . 

89.0 

0.87 

89.7 

5.01 

4.5 

0 

— 

+ 

? 


S . . . 

80.7 

0.96 

96.0 

5.10 

6.2 

— 

+ 

+ 

? 


9 . . . 

95.0 

1.30 

97.0 

3.72 

5.5 

22 

— 

+ 

? 

Lues. 

10 . . . 

9G.4 

1.16 

58.6 

2.59 

4.0 

_ 

+ 


? 

Arteriosclerotic 
heart disease. 

11 . . . 

89.0 

1.16 

110.0 

4.76 

4.2 

0 


+ 

+ 


12 . . . 

84.3 

0.81 

75.9 

4.60 

7.6 


+ 




Aver. . 

90.1 

1.09 


4.04 

5.8 









* M.C.V. refers to mean corpuscular volume expressed in cubic microns. 


Report of 4 I Caee Records. The records of 41 cases of portal 
cirrhosis admitted to the wards of Charity Hospital during the 
last 10 years have been reviewed in an effort to throw additional 
information on the incidence of macrocytosis and portal cirrhosis. 
The only criterion available was the color index. All hemoglobin 
determinations were done by the Tallqtdst method, which is notori- 
ously inaccurate. 

Average age for this group was 53.5 years (extremes, 28 and 78). 

Physical Findings. Ascites: ascites was present in 32 cases 
(62.7%). Diarrhea: diarrhea was present in 11 (21.5%). Jaun- 
dice: jaundice was present in 10 (19.6%). Hemorrhage: gastric 
hemorrhage was present in 7 (13.7%). Tongue: the tongue was 
recorded as atrophic or red in 7 (13.7%). Blood pressure: blood 
pressure was unusually low for the group, with an average age of 
53.5 years^^ The mean systolic pressure was 121.9, and the mean 
diastolic, 1 5.4. Only 4 patients showed a diastolic pressure of 100 
or more and all of these showed evidence of chronic nephritis. 

^ Laboratory Data. Gastric a7ialysis: gastric analysis was recorded 
in 18 instances; 11 patients (61.6%) showed a low figure for free 
hydrochloric acid; 3 of these were less than 10, the other 8 (44.4%) 
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showing an absence of free hydrochloric acid. Blood 'picture: the 
average white cell count was 7891; the average red cell count was 
3,924,000. The total erythrocyte count was between 4,500,000 
and 3,500,000 in 31 cases; 9 were above 4,500,000, and the remain- 
ing 3 were below 3,000,000. Color index: the average color inde.x 
was 0.916; 14 (27.4%) showed a color index of 1 or more. 

Discussion. It is of interest to see how much diagnostic value 
may be attached to the presence of this pernieioid anemia. Its 
presence has been reported in so many different conditions in which 
the liver is adversely affected that it cannot be expected to point 
out any specific lesion of that organ, but it should suggest hepatic 
disease. It is conceivable, however, that a slight macrocytosis and 
a color index of more than 1 in the presence of hematemesis may 
serve as a criterion to differentiate hematemesis secondary to cir- 
rhosis of the liver, from bleeding ulcer or carcinoma.* 

The first problem in estimating its diagnostic significance is to 
determine the frequency with which it occurs, and tin’s cannot be 
done until a larger series of cases has been reported. In this limited 
group of 12, all but 1 (90%), with a red count below 5,000,000, 
showed a color index of more than unit 3 ^ Judging from other 
reports and from the case records re\dewed, it is probably only a 
coincidence that such a high percentage of this group should show 
this interesting finding. 

Case 12 illustrates the pertinent fact tliat this blood pattern 
does not occur at any definite period in the progressive donmward 
course of portal cirrhosis and that it does not depend on the degree 
of obstruction to the portal circulation. This patient's symptoms 
were of longer duration and the consequences of portal obstruction 
more marked than in any one of the other cases. Paracentesis had 
been repeated 17 times, but he did not develop a maci'ocytosis or 
high color index. His mean corpuscular volume was 84, color inde.x 
0.81 and the total erytlirocyte count was 4,605,000. 

l^Tien attempting to explain the etiology of this most interesting 
blood picture, one must remember that prodigal hjqiothesizing is 
cheap but not infrequently fallacious. The most logical hypothesis 
would seem to be that the portal obstruction and ^e concomitant 
gastric congestion adversely affect the formation of the nebulous 
intrinsic factor of Castle, but Wintrobe and Beebe have demon- 
strated the presence of this intrinsic factor in the gastric contents 
of one of their cases and, fiuthermore, a similar blood picture has 
been reported in other conditions in which there is no reason to 
believe that gastric function has been disturbed. Macrocytosis 
and a high color index have been reported in such seemingly in- 
tangible conditions as chronic hepatomegaly,^ metastatic carcinoma 
of the liver,^ acute catarrhal jaundice,*-^ chronic passive congestion 

* Hemorrhage has also beea shown to increase temporarily the diameter of the 
erythrocyte. (See Am. J. Physiol., 103, 407, 1933, and Quart. J. Exp. Physiol.. 
19, 145, 1928). 
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of the liver, ^ erytliroblastosis fetalis,® congenital syphilis,® arseni- 
uretted hydrogen gas poisoning,® infections of the gall badder,® 
Weil’s disease^ and thrombosis of the portal vein,^ but all of these 
seemingly unrelated conditions have one thing in common — that 
all is not well within Glisson’s capsule. Therefore, the most 
plausible hypothesis is that disturbed hepatic function prevents 
the further elaboration or proper utilization of the anti-anemic 
substances formed by the interaction of the intrinsic and extrinsic 
factors. 

Summary and Conclusions. 1. The blood picture in 12 cases of 
portal cirrhosis is reported, pointing out the tendency to macrocy- 
tosis and a high color index. Pernicioid (pernicious-like) anemia 
has been suggested as an appropriate term to apply to this condition. 

2. A review of 41 case records of portal cirrhosis showed a color 
index of 1 or more in 27.4%. 

3. The diagnostic possibilities of this type of blood picture have 
been briefly discussed. 

4. Its production is attributed to hepatic abnormalities which 
prevent the further elaboration and utilization of the anti-anemic 
substances. 
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INTRAPLEURAL PRESSURE IN ARTIFICIAL PNEUMOTHORAX 
DURING PREGNANCY AND CHILDBIRTH.* 

By John J. Lloyd, M.D., 
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(From the Department of Medicine, University of Rochester.) 

V.ALSALVA (1740) observed the effect of inspiration and expiration 
upon the circulation and thus described what has become known 
as “the Valsalva experiment.” “If the glottis is closed after a 

Road before The jVmerican Clinical and Climatological Association, Toronto, 
Canada, May 23, 1934. 
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deep inspiration and a strenuous and prolonged expiratory effort 
is then made, such pressure can be exerted on the heart and intra- 
thoracic vessels that the movements and flow of the blood are 
temporarily arrested.”^ 

This observation has been studied in more recent years, and 
through the use of modern technical procedures it has been shown 
by Hosier and Balsamoff '? 

1. That there is a- sharp increase in pressure in the bronchi and 
alveoli (Krause®) “because of which increased alveolar pressure 
the blood in the soft-walled capillaries is driven into the left heart 
and thence into the general circulation. A renewed influx of ven- 
ous blood into the right heart cannot follow because the entrance 
to the right heart is narrowed by the venous trunks being com- 
pressed by the increased intrathoracic pressure. This severe pres- 
sure is transmitted not only to the lungs and bloodvessels, but also 
to the heart wall. As a result the complete emptying of the heart 
contents can occur— the heart pumping itself empty.” 

2. “That the diminished size of the heart during the Valsalva 
experiment is a real and not an apparent one due to rotation.® 
This observation has been more recently described by Moore and 
Wilson'* under the name of ‘cardiac squeeze.’ In obstructive em- 
physema due to tracheal foreign bodies they found the heart 
measurements definitely smaller during the expiration.” 

Beck and Isaac® have shown in their studies on animals that the 
normal heart satisfactorily withstands exposure to atmospheric 
pressure, but the effect of “pneumocardiac tamponade” may per- 
sist for hours after the tamponade has been corrected and, if the 
heart cannot make the added effort to overcome this burden, it 
may after a long struggle completely fail. 

With an increased intraplemal pressure the venous pressure is 
elevated and the circulatory rate is slowed,® and by increasing the 
intrapleural pressure in a pneumothorax the lymph flow may be 
reduced by as much as 50%. 

The inhalation of carbon dioxid is accompanied by an increased 
negative intrapleural pressure, while on the other hand, in anoxeruia 
there occurs a steadily rising pressure in the pleura, accompanied 
bj’’ an increase in the mean thoracic girth, as witnessed during an 
asthmatic attack.® 

During the performance of an exquilsory effort made with the 
glottis open, but bloving against resistance, it is possible to build 
up an intratracheal pressure of 250 mm. of mercury.® With the 
same expulsory effort made with the glottis closed, it would seem 
reasonable to suppose the pressure would be higher. 

The involuntary occurrence of the Valsalva experiment takes 
place during the performance of hea^’ 3 ^ lifting^ or other laborious 
work, extreme athletic efforts, defecation and in childbirth. The 
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same effect occurs during severe whooping cough and stenosis of 
the larynx.*'’ 

The only reference we have found regarding the intrapleural 
pressure during the performance of the Valsalva experiment is by 
Kountz and associates,® but they permitted only a moderate expul- 
sory effort— the intrapleural reading reached a positive of 12 cm. 
of water. 

We have had several patients during an artificial pneumothorax 
refill make expulsory efforts with pressures ranging from +50 to 
+65 for women and +109 to +249 for men. A much lower value 
was reached during a laugh or cough— these and subsequent read- 
ings are recorded in centimeters of water. 

We have not had the temerity to produce a verj'^ small pneumo- 
thorax to enable us to study the normal intrapleural changes during 
labor. However, we have had the opportunity of making observa- 
tions upon artificial pneumothorax during delivery. 

Protocols. Case 1.— Multipara, aged 35. Right lung, 40% collapi3ed; 
duration, 1 month. Pulmonary tuberculosis. Delivered, August 28, 1932, 
at the Rochester General Hospital. 


Anesthesia. Inspiration. Expiration. Remarks. 

— 14 +5.0 Before onset of labor. 

Gas oxygen; 

Deep —16 +7.0 Late 2d stage. 

Light —12 +4.0 

Deep —16 +7.0 Head presenting. 

Deep +83.2 Head presenting during 

pain. 

Deep +85.8 Birth of head. 

Deep +52 +57 . 0 Expulsion of placenta. 

None +4 +11.0 

— 9 +2.0 After 250 cc. refill given. 


Case _2.-— Primipara, aged 22. Right phrenectom}'', November 11^ 
1927. .^tificial pneumothorax, 75% collapse; duration, 5 years. Bron- 
chiectasis of right middle lobe. Delivered, August 18, 1933, at the Roches- 
ter General Hospital. 


Anesthesia. 

Inspiration. 

Expiration. 

Remarks. 


-5 

- 2 

Beginning of refill. 


+8 

+13 

After 125 to 200 cc. air. 


-1 

+ 4 

End refill during 2d 
month pregnancy; me- 
diastinum displaced. 

Gas oxygen: 

-3 

+ 2 

End refill 4th month 
pregnancy; mediasti- 
num displaced. 

Deep 

-5 

+ 4 

Head presenting. 

iJoep . . . — G 

Needle slipped out — no further readings. 
Volunt.arj' experiment +50, +65. 

+31 

Head delivered. 


Pressure since delivery has been further reduced to + 1-2 on account 
of movable mediastinum. 

At the time of delivery the needle was inserted during a pain at 
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the same location used foi’ a refill 2 weeks pre\’iously, but the dia- 
phragm had risen further and the needle had to be reinserted an 
interspace higher to enter the pleura. Since delivery the same 
location is used as before for refills, the diaphragm ha^^ng returned 
to its previous level. . 


Case 3.— Primipara, aged 28. Left lung, 85% collapse; duration, 5 
3 ^ears. Pulmonai^'- tuberculosis. Delivered, September 19, 1933, at the 
Genesee Hospital. 


Anesthesia. 

Inspiration. 

Expiration. 

Remarks. 


-20 

- 8 

Refill, average before 
onset of labor. 


- 5 

- 2 

End 600 to 800 co. air. 

None , . , . 

. . . -10 

0 

Between pains. 

None ... 

. . . -13 

- 3 

Between pains. 

None .... 

. . +10 

+26 

During pain. 

Gas oxygen: 

+20 

+S5 

During pain. 

Deep 

. . +27 

+45 

During episiotomy. 

Deep 

. . . -f24 

+40 

Head delivered. 

None 

... - 8 

+ 1 

After delivery. 

None 

. . . -11 

+ 7 

500 cc. refill. 


Case 4.— -Multipara, aged 22. Left lung, 60% collapse; duration, 2 
j'^ears. Pulmonary tuberculosis. Delivered bj^ Cesarean section, October 
31, 1933, at Strong Memorial Hospital. 


Anesthesia. 

Inspiration. 

E.xpiration. 

Remarks. 


— 2 

+2 

End last refill 400 co. 


- 3 


Before operation begun. 

Local 

-11 

0 

During injection of skin. 


-14 

-8 


Gas o.xygen; 




Light 

. - 7 

-fS 


Deeper 

- 9 

-f-3 

Cutting skin. 

Deep 

- 6 

4-4 

Cutting peritoneum. 

Deep 

- 4 

4-C 

Cutting uterus. 

Deep 

- 0 

4-4 

Stitching uterus. 

Light 

- 4 

4-1 

Stitching skin. 

Discontinued 

- 3 

4-2 

End 75 cc. refill. 

Comment. It would 

seem that 

as each 

of these patients was 


under deep gas-oxj'gen anesthesia and rebreathing approximatelj^ 
2 to 5% CO 2 during the actual deliveiy, the intrapleural pressure 
readings are probably lower than would obtain in deli^'■ery without 
anesthesia. 

The change in the rigidity of the mediastinum in Case 2, begmning 
at the 2d month of pregnancy, is puzzling. Prior to this time a 
rather high pressure was used to maintain collapse of the bron- 
chiectatic middle lobe. If lower pressure was used, cough and 
expectoration returned, but -noth a well-maintained collapse none 
occurred, in spite of the fact that opaque oil injected into the 
collapsed lobe showed the bronchiectatic area still open and of 
almost the same size as before the treatment was begun. Since 
delivery the mediastinum remains less rigid and the intrapleural 
pressure has been still further lowered at refills. 
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Case 1 had by far the smallest pneumothorax and showed the 
highest pressure reading during labor. Case 3 had the largest 
pneumothorax, but showed higher readings than Case 2. How- 
ever, in Case 2 the readings may have been affected by the fact 
that the mediastinum showed queer behavior and the diaphi’agm 
was fixed by a previous phrenectomy. In addition. Case 2 was the 
most frail of all the 3 normal deliveries. 

"i^Tiile 4 cases constitute a very small number from which to draw 
deductions, nevertheless these observations suggest to us certain 
conclusions; 

1. Is not delivery by Cesarean section preferable to spontaneous 
delivery in the presence of serious cardiac or pulmonary disease? 

2. Is not the increased intrathoracic pressure during labor most 
probably accompanied by lowered pressure with increased blood 
and lymph flow following pains and after delivery? This, if true, 
would partially account for an exacerbation of a latent pulmonary 
tuberculosis or spread of an active process. 

3. Might not the frequent and extreme intrathoracic pressure 
changes so traumatize the pulmonary scar tissue as to permit a 
reactivation or spread of tuberculosis? 

4. Does not the increase in intrathoracic pressure with the con- 
sequent change in the circulation during violent exertion account 
for some sudden deaths in heart disease? 
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The Ahtonomic^ Nervous System. By Albert Kuntz, Ph.D., M.D., 
Professor of Micro-Anatomj'^ in St. Louis University School of Medicine. 
Pp. 697 ; 73 illustrations. Second edition, enlarged and thoroughly ' 
rerdsed. Philadelphia: Lea & Febiger, 1934. Price, S7.50. 

Few parts^ of the body have been as much neglected in the average 
medical curriculiun as the autonomic nervous sj^stem. It is a healthy 
sign, then, that this important work should require a new edition in the 
short space of 4 yearn. For the present edition, which combines even 
more than the first _ the anatomic, ph 3 ’'sio]ogic, pathologic and clinical 
aspects, the Ifigh praise of our former re\dew (Am. J. Med. Sci., 179, 842, 
1930) can only be emphasized . “ No student or phj'sician can afford to do 
without it.” E. K. 


Rules for Recowbry from Pulmonary Tuberculosis. A Layman’s 
Handbook of Treatment. By Lamtrason Brow, M.D., Saranac Lake, 
N. Y. Pp. 275. Sixth edition, thoroughly revised. Philadelphia: 
Lea & Febiger, 1934. Price, $1,75. 

The steady demand for tliis little book, from both patient and physician, 
has made it a recognized piece of equipment, to be kept in repair and 
modernized like any other de^dce in the campaign against tuberculosis. 
Dr. Brown has given Education parity vdth Rest, Good Food and Fresh 
Air in this campaign, and brought the subject up to date. The sixth 
edition has all the merit of previous editions and includes new chapters on 
the surreal treatment of tuberculosis and convalescence. These chapters, 
from tins authoritative hand, vdll serve to answer the manj' questions arising 
in patients’ minds on the new forms of treatment. E. L. 


Internal Medicine. Its Theorj’- and Practice. Edited b}"^ John H. 
Musser, B.S., M.D,, F.A.C.P., Professor of Medicine in the Tulane 
Universitj'^ of Louisiana School of Medicine; Senior Visiting Pl^sician 
to the Charitj’' Hospital, New Orleans. Pp. 1288; 35 illustrations. 
Second edition, thorouglily revised. Philadelphia: Lea & Febiger, 1934. 
Price, $10.00. 

In his' review of the first edition the Re\iewer ventured to predict that 
tliis volume would take its place as a standard text in American literature. 
The appearance of a second edition within less than 2 j'ears of the first 
seems amply to confirm tliis idew. There are twenty-six contributors, 
' all holding professorial appointments in medical sclmols. The subject 
matter has been thoroughly revised and new material has been added, 
including diseases of the i 5 ’mphatic vessels, tuberculosis of the _ kidne 3 "s 
and urinary tract, a section on the classification of arthropods involved 
in disease transmission, and additional material on bacillary d 3 'senteiy. 
Dr. Musser is to be congratulated on the excellence of his text-book. 
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Cataract. Its Etiology ano Treatment. By Clyde A. Clapp, 
M.D., F.A.C.S., Associate Professor of Ophthalmology, Johns Hopkins 
University; Professor of Ophthalmology, University of MarjJancl, etc. 
Pp. 254; 92 illustrations. Philadelphia: Lea & Febiger, 1934. Price, 
S4.00. 

This excellent text covers much more than its title indicates. It is not 
only a review of our knowledge of the various forms of cataract but includes 
also other pathologic conditions of the lens, such as the congenital anomalies 
and dislocation. Following two chapters on the development and com- 
parative anatomy of the lens, by Ida Mann, are chapters on the anatomy, 
physiologj’’ and chemistrj’’ of the normal and patliologic lens. The various 
theories of the pathogenesis of cataract are discussed and the various 
methods for the removal of cataracts are adequately presented. It is a 
highly commendable monograph. F. A. 


Hujian Sterility. Causation, Diagnosis and Treatment. By Samuel 
Raynor Meaner, M.D., Professor of Gjmecologj’-, Boston University 
School of Medicine; Gynecologist, Massachusett Memorial Hospitals, etc. 
Pp. 276; 27 ‘illustrations. Baltimore: The WDliams &. Wilkins Com- 
pany, 1934. Price, S4.00. 

This manual is one of a-series of publications sponsored by the National 
Committee on Maternal Health. The author offers as his apologia the 
need for assembling the established facts on the subject, as well as to offer 
a manual of clinical procedure based upon a large series of cases studied by 
the group method. In the study group a gynecologist, a urologist, an endo- 
crinologic diagnostician and an internist were included. The collaborators 
have contributed special chapters relating to their particular fields. Begin- 
ning with the nine normal standards of absolute fertility the authors reverse 
them in the causative factors of infertility and upon tliis basis the text is 
developed in an exhaustive discussion of both the male and female factors. 

The incidence and distribution of causative factors in a series of 100 
infertile couples are tabulated. It is interesting to note that pituitarj'' 
d3’^sfunction ranked highest in both male and female constitutional factors, 
33 and 26 respectively, and that thyroid conditions accounted for 21 
factors in the male but only 6 in the female, while protein starvation, which 
the author, in discussing diet, states is the most marked dietary fault, 
accounted for 13 factors in the male and 20 in the female. 

In addition to the liistory and phj’^sical examination the galactose toler- 
ance test was used to determine pituitary disease. In the local factors, 
chronic prostatovesiculitis (IS cases) was most frequent in the male; while 
hypoplasia (42 cases), tubal occlusion (38 cases) and viscosity of endo- 
cervical secretions (31 cases) were the most frequent findings in the female. 

The various procedures used, the technique, the results, the interpretations 
of the findmgs and the treatment of abnormal conditions is exceptionally 
well presented. The worldng schedule of the group practice is full}’' pre- 
sented -Nvith sample charts. The concluding chapter deals with the preven- 
tion of involuntarj^ sterility. This manual is a verj’’ thorough presentation 
of the subject and will be of undoubted value to those working in this field. 

P. w. • 

Hygiene for FREsnxtEN. By Alfred Worcester, A.M., M.D., Sc.D., 
Henr}’ K. Oliver Professor of Hj''giene, Harvard University. Pp. 151. 
Springfield, 111.: Charles C Thomas, 1934. Price, .$1.50. 

There has been a great need for a hj'giene textbook that is concise 
and yet accuratel}' and clearty covers the fundamentals that should be 
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taught college freshmen. The author seems to have met these require- 
ments fairly well in this short, inexpensive book. The introduction inter- 
estingly points out the importance " ■■ hygiene for college 

men. The chapters cover Biology, _< ■ ■ ■ ■ ■ : , Nutrition, Diges- 

tion, Muscles, Nerves, Mental Hygiene, Reproduction, Disease Prevention 
and Immunity. The index is complete, but the glossarj'^ is rather short, 
listing only 28 words. There are no illustrations nor is there a list of books 
for collateral or adi^anced reading, which appear especially necessary for 
most elementary texts. On the W'hole the book is well VTitten and covers 
the subject as thoroughly as possible in so short a course. It is recom- 
mended as a textbook for college freslimen taking a hj’'giene course consisting 
of a weekly lecture for one-half 3 ''ear. N. B. 


Lincoln's New Salem. By Benjarun P. Thosus. Pp. 128; illustrated. 

Springfield, 111. ; The Abraham Lincoln Association, 1934. Price, 81.00. 

Aside from the interest attaching to tliis picture of the early stages of 
Lincoln’s gradual development and the important favorable influence that 
New Salem had in shaping our “greatest American,” this little book has a 
special message to medical men in portrajdng the Rdllage’s two doctors and 
the characteristic medical practice in a pioneer communitj'’ of our Middle 
West. In 1831, the month before Lincoln came to New Salem as a flatboat 
hand, arrived John Allen, a graduate of Dartmouth Medical School, only 
two j^ears after the town had been planned and laid out. The ne.xt j'ear 
came Francis Regnier who, ndth Dr. Allen, fibred prominently in the intel- 
lectual life of the community (see illustrations of their log cabin liRTUg 
rooms and offices). Malaria, typhoid and smallpox were endemic with 
not infrequent epidemics of cholera. As usual they “purged, bled, blistered, 
puked and salivated,” but faith doctoring and primitive magic doubtless 
had a more numerous following. In the tonm reconstruction that is now 
fortunatety progressing, the two doctors’ houses have already been included. 

E. K. 


Clinical Toxicology. Modern Methods in the Diagnosis and Treatment 
of Poisoning. By Erich Leschke, Professor of Internal Medicme in 
the University of Berlin. Translated by C. P. Stewart, M.Sc., Ph.D., 
Lecturer in General Biochemistry, University of Edinburgh; Senior 
Biochemist, Edinburgh Royal Infirmary; and 0. Doerer, Ph.D., 
Research Assistant to Professor Wieland, Munich. Pp. 346; 25 illus- 
trations. Baltimore: William Wood & Co., 1934. Price, 85. 

This compact statement by a well-known German clinician was vTitten 
for the practising physician from the ph3^ician’s standpoint. It is thus an 
adjunct to, not an inadequate rival of, the larger text-books VTitten by 
pharmacologists. With the increasing frequency of industrial poisoning 
and suicide, the book is of timely interest and value. E. K. 


•Jons Jacob Berzelius. Autobiographical Notes Published by The Ro 3 nl 
Swedish Academy of Sciences. Through H. C. Soderbaum. Trans- 
lated from the Swedish by Olof Larsell, Professor of Anatomy, Uni- 
versity of Oregon Medical School, Portland. Pp. 194; _ illustrated. 
Baltimore: The Williams & Wilkins Company, 1934. Price, 82.50. 
If medical readers require special inducement for reading this interesting 
autobiography of one of the greatest of 19th century chemists, it can be 
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supplied from, consideration of his many medical contacts. First, a student 
of medicine and chemistry under Afzelius, he was later assistant physician 
at the Spa Medevi, where he published his first work on an analysis of these 
waters. Soon after receiving the M.D. degree, he was made adjunct and 
later full professor of medicine and pharmacy at Stockholm, where he was 
one of the founders of the Swedish Medical Society. 

In these diary-like notes, now first translated into English, one vdll 
learn less about his numerous and important achievements than about the 
circumstances of his daily existence and the backgrounds of his period. 
His chemical discoveries are easily ascertained elsewhere, but here only we 
can learn of his minor achievements and vexations, his quarrels with Davy 
and Young, his honors and his failures, all told in a pleasantly naive style 
that has been retained by the translator. The book is a worthy successor 
to the preceding publications by this Society. E. K. 


Parasitism ano Disease. By Theobald Smith, Director Emeritus of 
the Department of Animal Pathology, Rockefeller Institute for Medical 
Research. Pp. 196. Princeton, N. J.; Princeton University Press, 
1934, on the Louis Clark Vanuxem Foundation. Price, 82.00. 

This book is developed about the principle that “parasitism may be 
regarded, not as a pathological manifestation, but as a normal condition 
having its roots in the interdependence of all living organisms." The many 
diverse relations between host and parasite are harmonized by the hypoth- 
esis that, for both parasite and host, two factors, one of offense and one 
of defense, operate to maintam equilibrium. It is indeed fortunate that 
one who has been so intimately^ and richty associated with the development 
of parasitology has given us this discussion of the biology of parasitism. 

H. R. 


Annals of the Pickett-Thomson Research Laboratory, Volume X, 
Monograph XVT, Part II, Influenza. By David Thomson, O.B.E., 
M.B., Ch.B. (Edin.), D.P.H. (Camb.), Hon. Director, Pickett-Thomson 
Research Laboratorjq St. Paul’s Hospital, London, and Robert Thom- 
son, M.B., Ch.B. (Edin.), Pathologist to the Pickett-Thomson Research 
Laboratoiy. Pp. 916; illustrated. Baltimore: The Williams & Willdns 
Company, 1934. Price, 817,50. 

Part I of this monograph deal exhaustively with the part played by the 
various bacteria found in influenza; Part II takes up in a systematic and 
thorough manner the Comphcations and Sequela;, IBacteriologj^ of Influ- 
enzal Pneumonia and its PathologjL There are chapters on the Epidemi- 
ology and Modes of Possible Transmission, and 150 pages on Prophylaxis, 
Preventive Pleasures and Treatment. 

In their own summaty the authors state, “From the mass of evidence 
upon the subject it must now be assumed that Pfeiffer’s bacillus per sc is 
not the prime infective agent in influenza’’ (p. 1358). From a study of 
the work of Smith, Andrews and Laidlaw (Lancet, 2, 66, 1933), they feel 
that “as this work appears to have been most carefully controlled, the 
results are strongly conclusive that a virus is the primarj’’ cause of influenza.’’ 
The virus appears_“to act primarily as an intensety toxic irritant, producing 
a profound toxemia’’ and “hyaline necrosis of the terminal bronchiolar and 
alveolar walls, causing a rapid and jirofuse outpouring of serum and red 
blood cells in numerous patchy areas tliroughout the lungs” (pp. 1077 and 
1366). 
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Sodium ricinoleate, as a preventive measure and for the local treatment 
of nasal colds and influenza in the earliest stages, was found to be the most 
efficacious remedy tried (p. 1261). The authors state that “vaccines are 
of value in the treatment of the respiratory complications of influenza and 
that successful results have been recorded not only in prevention, but in 
the treatment of influenzal pneumonia” (p. 1229). “The employment of 
convalescent influenza serum in the serum prevention of influenza certainly 
deserves a trial” (p. 1372) and although the results of such treatment in 
influenzal pneumonia are at varipce,_ “there is evidence to indicate that 
this method if used early and given in sufficient!}'- large amounts would 
appear to have a specific effect” (p. 1239). 

The monograph contains 4500 references to foreign and American liter- 
ature from which whole pages of verbatim quotations are transposed. 
Miile repeated reference to the same report at times becomes monotonous 
this is more tlian compensated for b}'' the wealth of material it contains. 
The general format of the monograph maintams the excellence of the 
pre%'ious volumes, but it is regrettable that no photographs of the path- 
ology of influenza were included. J. C. 


Benjamin Rush. Physician and Citizen {1746-1813). By Nathan G. 

Goodman. Pp. 421; illustrated. Philadelphia; University of Pennsyl- 
vania Press, 1934. Price, 84.00. 

That such an important, versatile and interestmg figure as Benjamin 
Rush should have waited 121 years for his biography is indeed strange; 
that it should eventually have been so efficiently set donm is a matter for 
general satisfaction. The author's four years of study on an unusually 
rich source of material, especially at the Library Company’s Ridgv'ay 
branch (founded by Rush’s son, James) has produced not only a scholarly, 
authoritative, well documented biography of_ “an important figure in our 
nation’s past,” but also an interesting narrative adequately enriched with 
sidelights from one of the most colorful periods of our histor}'. 

Ver}'- properly more than half the book is devoted to Rush’s medical 
career, for “it is upon his fame as a physician that Rush’s iramortalit}'- will 
rest.” Description of his 5 }’'ear, rautuall}'^ satisfactory apprenticesliip 
with Redman, attendance at Shippen’s anatomy lectures (the seed that 
dei'eloped into the country’s first medical school), his graduation at Edin- 
burgh, studies in London and Paris, and subsequent successful practice in 
Philadelphia introduces the reader to a remarkably intelligent discussion 
of Rush’s Cullenian theories of disease, of his heroic behavior in the yellow 
fever epidemics and of his reasons for his plan of excessive purging and 
bleeding. One misses— on first reading at least— the Sampson anecdote, his 
pet name for his favored drug calomel, because, so his detractors said, it 
had killed its thousands. Likeivise one misses Holmes’ tart completion of 
Rush’s avowal that while medicine had been liis vife. Science had been his 
mistress. Holmes, it -ndll be remembered, allowed that it would have been 
better for all concerned if he had devoted more of his time to the legitimate 
object of his affections! Nevertheless, his contributions to medical science 
were considerable; while his chance observation that mosquitoes were more 
numerous in yellow fever years deserves little praise, the opposite is true 
of his original description of dengue, of his masterly observations on the 
nature and treatment of mental diseases, and of his correlation of distant 
disease with focal infection of the teeth. The importance of this latter 
concept has only been recognized within recent years. Rush’s account of 
the 1793 epidemic of }'ellow fever won him international fame. After nearly 
a half centur}' of intense activity, during which time he taught more than 
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3000 students, Eusli was generally recognized as the leading medical author- 
ity and teacher of the countrj% “the Sydenham of America.” 

To many the account of his non-medical activities maj'’ be of greater 
interest. A philanthropist, whose actions followed close on the heels of 
thought, Rush early became a defendant of colonial rights. _ Inspirer of 
Thomas Paine’s important pamphlet, “Common Sense,” writer of many 
himself, Member of the Continental Congress, Signer of the Declaration 
(the onty Doctor of Medicine but not the only physician who signed). 
Rush’s position as a patriot is ensured. His medical services in the Revolu- 
tion were also important, though from his bitter quarrel vitli Shippen, the 
Director General, he emerged unsuccessfully and at least not without blame. 
In this, as in the much discussed quarrel with Washington, Goodman 
believes that Rush, though impulsive and tactless, was inspired bj^ good 
motives, and had much evidence to support his stand. Though elsewhere 
outspoken in criticisms of Washington, he foolishly (not cowardlj^ stooped 
to anonjTnity in a personal attack. Though a friend of Mifflin and Conwaj^, 
there is no evidence, in Goodman’s opinion, to show that Rush was iropli- 
cated in the Conway Cabal. Non-controversial were Rush’s activities 
toward freeing the negro, abolisliing the death penalty and restricting the 
abuse of alcohol and tobacco. Founder of the first free dispensary, of 
Dickinson College, and one of the founders of our College of Pln’’sicians, a 
man of intense feeling and prompt action. Rush offers a splendid though 
difficult opportunity to the biographer. That Dr. Goodman has perfonned 
his task ably vdll be apparent to the reader. The University of Pennsjd- 
vania Press, too, is to be congratulated on sponsoring this work which 
deserves widespread popularity. E. K. 


The CojiPLEAT Pediatrici.an. Practical, Diagnostic, Therapeutic and 
Preventive Pediatrics. By Wilburt C. Davison, M.A., D.Sc., M.D., 
Professor of Pediatrics, Duke University School of Medicine, and 
Pediatrician, Duke Hospital. Unpaged. Durham, N. C.: Duke Uni- 
versity Press, 1934. Price, S3.75. 

Not long since, the scientific world was jostled and then mildly amused 
at suggestions for the replacement of scientific journal articles by minute 
scrolls, kept in a central office, which could be sent out on demand and 
read under a magnitying glass. Similar thoughts are suggested Iw the 
fine print and modernistic condensations of the “Compleat Pediatrician.” 
From a pleasantly pseudoantique title page, one passes through a con- 
ventional preface to a comjilexity of tjqie changes, cross-reference numbers, 
sjmrbols and abbreviations that demand a fortitude that many readers 
MU not produce. However, once the method is comprehended and suffi- 
cientl}" practised, one suspects that the autlior’s hope has been accom- 
plished, namety, to produce a complete “readj'^ reminder” of pediatric 
sjTOptoms and signs, Mth alphabeticalty arranged diseases (diagnosis and 
treatment) sufficientlj’’ small “ to be carried, like a stethoscope, in a phj^si- 
cian’s pocket or bag.” (For suggested contents of said bag, see Appendix C.) 

E. K. 


Sex-hygiene. What to Teach and How to Teach It. Bj" Alfred 
AyoRCESTER,_A.M., M.D., Sc.D., Henr 5 ’^ K. Oliver Profe,ssor of Hj'giene, 
Harvard University. . Pp. 134. Springfield 111.; Cliarles C Thomas, 
1934. Price, .?2.50. 

The proper teaching of sex-hygiene is a difficult problem. Most books 
discuss the anatomj' and iihj'.siology of the sexual apparatus and elaijoratc 
on the venereal diseases, stressing their frequency and horrilile consequences, 
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Man 3 >- teachers agree that this is not the best method of approaching the 
subject; that the sex urge is too great to be overcome bj”^ mere fear of the 
venereal diseases. This is "well borne out by the morahty of mauj^ medical 
students and doctors, who, above aU others, should be well acquainted vith 
the medical aspect of sex. There remains onlj’’ one course to pursue: an 
attempt to educate character by appealing to the morals of the individual. 

Doctor Worcester has shown us an admirable waj”- of handling sex prob- 
lems of liis concept of “the pltysiological basis for sexual morality as our 
trusteeship of the germ plasm.” We are also made to see that the so-called 
sex urge is really a “parental urge and is the underlying motive in all that 
is loveliest in our hves.” These principles, together with a gentle remmder 
of the doctrine of the great kinship of aU mankind, constitute the substance 
of the text. The book consists of a collection of addresses dehvered bj’’ 
the author before medical, reUgious and laj’' groups of both sexes. There 
is very Uttle mention of the anatomy and physiologj’’ of the reproductive 
system and the usual somewhat morbid anatomic dravdngs are fortunatelj’’ 
lacking. The venereal diseases and abnormal sex habits are sufficiently 
covered. The book contains much of value not onlj"^ for the patient and 
student but for the physician and nurse as well. It is one of the best 
presentations of sex-hj’giene that has been seen for some time and is well 
worth recommending. N. B. 


Applied Anatojid:. By GMULYai G. Davis, M.D., Late Professor of Ortho- 
pedic Surgerj' and Associate Professor of Applied Anatomj’^ in the Uni- 
versity of Penns 3 d\’ania. Pp. 717 ; 674 illustrations. Ninth Edition reset, 
reillustrated and_ completely revised b 3 " George P. Muller,_ jM.D., 
Professor of Clinical Surgery, Graduate School of hledicine. University 
of Penns 3 dvania; Surgeon to the Misericordia and Lankenau Hospitals. 
Assisted b 3 '- Drs. B. J. Alpers, R. A. Kimbrough, Jr., S. W. Moorhead, 
I. S. Ravdin and S. D. Weeder. Pliiladelphia; J. B. Lippincott Com- 
pan 3 '’, 1934. Price, S9.00. 

The appearance of a ninth edition of this work is a real testimon 3 ’’ of its 
merit. The book has been reset, and completely re^^sed by Dr. hluller, 
assisted in the chapters on iieurolog 3 ’’ by Dr. Alpers, on g 3 ’necolog 3 '' b 3 ’' 
Dr. Kimbrough, on urolog 3 '' by Dr. Moorhead, on the abdomen 63 '^ Dr. 
Ravdm and in those on the extremities b 3 '^ Dr. Weeder. It has largety 
retained its previous form, discussing the regional anatom 3 '- and pointing 
out the applications of anatomical facts in surgical procedures. The 
excellent iUustrations b 3 '’ E. F. Faber are scattered profusety throughout 
the book. The text has been brought up to date m practical^ ever 3 ’’ par- 
ticular, although the Re^’iewer looked in vain for some discussion of the 
S 3 Tnpathetic nervous S 3 "stem, which has risen to considerable prominence 
in the past few 3 "ears. Tliis reliable guide to regional anatomy should find 
a prominent place in the libraries of all surgeons. L. F. 

Studies in Blood Form.\tion. 63 ”^ T. D. Power, M.D., M.R.C.P., 
D.P.H., D.P.M., Deputy Medical Superintendent, Brentwood^ Mental 
Hospital. Pp. 124; 25 illustrations. London; J. & A. Churchill, Ltd., 
1934. Price, 8 s. 6 d. 

The author, primarily concerned with the study of insanity, began these 
investigations in order to elucidate mechanisms that have been used in 
the treatment of the insane. They are to be commended as carefully planned 
and executed and well controlled. Some statements or deductions to which 
one takes e.xception ma 3 ’' pardonabty be ascribed to a presumabB' short 
acquaintance with hematolog 3 L Thus the description of the Scliilling 
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method is far from adequate; the deductions (probably incorrect) about 
amitotic budding and that granulocytes in the artificially produced leuko- 
cytoses do not go through the myeloblast stage fail to take into account the 
limitations of the fixed tissue method; and so on. Such important matters 
as the need for repeated rather than single counts, and for taking bone 
marrow specimens at several levels, on the other hand, get timety emphasis. 
Especially interesting are the demonstrations that sulfosin leukocj’'tosis is 
due to neAvly formed cells; that thyroxin stimulates erj’-tliropoiesis and 
hastens differentiation and that therapeutic malaria produces a macrocytic 
anemia, both hemolytic and aplastic in type. E. K. 


The Doctor in History. By Howard W. Haggard, Associate Professor 
of Applied Ph 3 ’’siology in Yale University. Pp. 40S; illustrated. New 
Haven: A^ale University Press, 1934. Priee, S3.75. 

With the increasing interest of the general public in the behavior of 
their bodies in health and disease, there has lately arisen a considerable 
group of books on various popularized aspects of medicine, of which the 
author’s Devils, Drugs and Doctors is a prominent example. The present 
book tells in the same vivid, entertaining manner the story of medicine 
as seen through the lives and acliievements of some of its principal expo- 
nents. From the anonymous Cro-Magnon witch doctor depicted in his 
ceremonial dress down through the ages to Gorgas of Panama Canal fame, 
the story unrolls ivitli a compelling interest and yet without the inaccuracy 
that one often finds in such works. The illustrations are, especially for a 
University Press, poorly reproduced; their subjects and arrangement, too, 
are below the average that the book maintains. Especially interesting are 
the chapters of historical importance, such as those on the Black Death 
and the Mental Contagions. For many more than the author’s children, 
for whom the book was written, should this “historj’^ of health” afford 
entertaining instruction. E. K. 


NEW BOOKS. 

Amebiasis and Amebic Dysentery. By Charles F. Craig, M.D., M.A. 
(Hon. Yale), F.A.C.P., F.A.C.S., Colonel, United States Army, Retired, 
D.S.M., Professor of Tropical Medicine and Head of the Department of 
Tropical Medicine, School of Medicine, Tulane University of Louisiana, 
New Orleans, etc. Pp. 315; 54 illustrations. Springfield, 111.: Charles 
C Thomas, 1934. Price, S5.00. 

Manual of Clinical Laboratory Methods. Bj'- Pauline S. Dimhitt, Ph.G., 
Medical Technologist for the Stout Clinic, Sheiman, Texas, etc. Pp. 156; 
36 illustrations, including 7 colored plates. Philadelphia: F. A. Davis 
Companjq 1934. Price, S2.00. 

American Medicine. Bj’’ Dr. ILenry E. Sigerist, The William H. Welch 
Professor of the Histoty of Medicine, The Johns Hopkins University. 
Translated by Hildeg.ard Nagel. Pp. 316; illustrated. New York: 
W. W. Norton & Co., Inc., 1934. Price, S4.00. 

The Heart Visible. A Clinical Studj^ in Cardiovascular Roentgenologj' in 
Health and Disease. By J. Polevski, M.D., Attending Pl^sician and 
Cardiologist, Newark Beth Israel Hospital. Pp. 207; 122 illustrations. 
Philadelphia: F. A. Davis Companj’', 1934. Price, .$5.00. 

Hormone vnd innere Schretion. (Baud 19 of Wissenschaftliche Forschungs- 
berichte, NatunUssenschaftliche Reilie, Herausgegeben von Dr. Raphael 
Ed. Licsegang, Frankfurt a. M.) By Dr. Fritz Laquer, Wujipertal- 
Elberfcld. Profe-csor an der Universitiit Frankfurt. Pp. 30S. Leipzig: 
Theodor Stcinkopff, 1934. Price, Rm. IS. 
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To Remind — A Biological Essay. (The Abraham Flexner Lectures, Series 
No. 2.) By Sir William Bate Hardy, M.A. (Caisttab.), F.R.S., Hon. 
D.Sc. (OxoN.), Hon. LL.D. (Aberdeen, Edinburgh, Birmingham), 
Fellow of Gouville and Caius College; Director of Food Investigation, 
Department of Scientific Industrial Research, etc. Pp. 45. Baltimore; 
The Williams & Wilkins Company, 1934, for Vanderbilt University. 
Price, Sl.OO. 

The Farm Chemurgic. By William J. Hale, Ph.D., Research Consultant, 
The Dow Chemical Company. Pp. 201; 5 figures. Boston: The 
Stratford Company, 1934. (No price given.) 

Heredity and Disease. By Otto L. Mohr, M.D., Professor of Medicine, 
The Roj^al Frederiks University, Oslo. Pp. 253; 107 illustrations. New 
York: W. W. Norton & Co., Inc., 1934. Price, S3.50. 

Verhandlungen der deutschen GeseUschaft fur Kreislaufforschung. Seventh 
Session. By Professor Dr. Eb. Koch, Bad Nauheim. Pp. 326; 65 illus- 
trations. Leipzig; Theodor Steinkopff, 1934. Price, Rm. 15. 

The Principles of Therapeutics. (The Aiiraham Flexner Lectures, Series 
No. 3.) By Fr.\ncis Richard Fraser, M.A. (Cantab.), M.D. (Edin.), 
F.R.C.P. (Lond.), Professor of Medicine in the University of London. 
Pp. 135, Baltimore: The Williams & Wilkins Company, 1934, for 
Vanderbilt University. Price, S2.00. 

Erbpathologie, Ein Lehrbuch fur Arzte. (Band IS of Medizinische Praxis, 
Sammlung fiir arztliche Fortbildung. Herausgegeben von Prof. Dr. L. R. 
Crote, Prof. Dr. A. Fromme, Prof. Dr. K. Vtyrnekros.) Bj'^ Dr. 0. 
Freiherr von "N'erschuer, Ausserordentlicher Professor der Universitiit 
Berlin und Abteilungsleiter am Kaiser-Wilhelm-Institut fiir Anthropo- ' 
logie, menschliche Erblehre und Eugenik, Berlin-Dahlem. Pp. 213; 
32 illustrations. Leipzig: Theodor Steinkopff, 1934. Price, Rm. S. 

Clinical Pathology of the Jaws. By Kurt H. Thoma, D.M.D., Charles A. 
Brackett Professor of Oral Pathologj' in Harvard University; Oral 
Surgeon to the Brooks Hospital, etc. Pp. 643; 423 illustrations. Spring- 
field, 111.; Charles C Thomas, 1934. Price, .|9.00. 

Mental Health. Past, Present, and Future. (The Colver Lectures, 1932.) 
By Arthur Hiler Ruggles, M.D., Superintendent of Butler Hospital, 
Providence, R. 1. Pp. 104. Baltimore: The Williams & Wilkins Com- 
panj"^, 1934, for Brown University, Providence, R. I. Price, S1.50. 

Benign, Encapsulated Tumors in the Lateral Ventricles of the Brain. Diag- 
nosis and Treatment. By Walter E. Dandy, M.D., Adjunct Professor 
of Surgerj’-, Johns Hopkins University. Pp. 1S9; 83 illustrations, 2 tables. 
Baltimore: The Williams & Wilkins Compan 3 '^, 1934. Price, -SI. 50. 

Tumors of the Female Pelvic Organs. Bj-- Joe Vincent Meigs, A.B., M.D., 
F.A.C.S., Instructor in Surgerj% Harvard Medical School; Surgeon to 
Out-Patients, Massachusetts General Hospital, etc. AVith a Foreword 
bj"^ Robert B. Greenough, M.D,, President-Elect of the American 
College of Surgeons, 1933-1934, etc. Pp. 533; 261 illustrations, some in 
colors, and 49 tables. New York; The Macmillan Companj^, 1934. 
Price, S6.00. 

Fifty Years of Medicine and S^irgery. An Autobiographical Sketch. By 
Dr. Franklin H. Martin. Forewords AA'^illiam J. Mayo, M.D., 
Rochester, Minn., and George AA'’. Crile, Cleveland, Ohio. Pp. 449; 
illustrated. Chicago; Surgical Publishing Companj’^, 1934. (Price not 
given.) 

Diattherapic der Lungcntuberkidose. Bj'' Dr. Max Gerson, AAfien. Mit 
Rontgenbefunden und einem Rontgenkapitel von Dozbnt Dr. Felix 
Fleischner, Wien. Pp. 619; 154illustrations. Leipzig: Franz Deuticke, 
1934. Price, AI. 36. 
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The Science and Practice of Surgery. By W. H. G. Romanis, M.A., M.B., 
M.Ch. (Cantab.), F.R.C.S. (Eng.),_ E.R.S. (Edin.), Surgeon and Lec- 
turer on Surgery, St. Thomas’s Hospital, etc., and Philip H. Mitchiner, 
M.D., M.S. (Bond.), F.R.C.S. (Eng.), Honorary Surgeon to H. M. the 
icing; Hunterian Professor, Royal College of Surgeons of England, etc. 
Pp. 1901; 758 illustrations. Fifth edition, Vol. 1, General Surger^^- 
Vol. 2, Regional Surgery. Philadelphia; Lea & Febiger, 1934. Price, 
$13.00. 

Any text wHch can rapidly pass through five editions contains re.il merit. The 
present edition has been extensively refused. The treatment of peritonitis, frac- 
tures, bums and varicose veins has been brought up-to-date. In several particulars 
the Reviewer criticized the fourth edition (Am. J. Med. Sci., 186, 574, 1933) but 
is happy to state that these matters have been thoroughly refused and corrected. 
Without doubt this edition wil! receive a hearty welcome which it justly deserves. 

I. R. 

Gynecology. By Brooke M. Anspach, Professor of Gynecology, Jefferson 
Medical College. Pp. 832; 679 illustrations, including 10 in colors. 
Fifth edition, reillustrated, reset and completely revised by the author 
with the assistance of Philip F. Williams, M.D., Assistant Professor of 
Obstetrics, School of Medicine, University of Pennsylvania, and Lewis 
C. ScHEFFEY, M.D., Assistant Professor of Gynecologj’', Jefferson Medical 
College. Philadelphia: J. B. Lippincott Company, 1934. Price, $9.00. 

The present edition has been extensively revised and entirely reset. Many 
chapters have been rewritten and a section devoted to endocrine disorders has 
been added. In its present form, this book continues to maintain its place as an 
outstanding textbook. F. B. 

Recent Advances in Allergy. (Asthma, Hay-Fever, Eczema, Migraine, etc.) 
By George W. Bray, M.B., Ch.M. (Sypney), M.R.C.P. (Lond.), 
Physician in charge of Children’s Department, Prince of Wales Hospital; 
Assistant Physician, Princess Elizabeth of York Hospital for Children; 
Clinical Assistant, Asthma Clinic, Guy's Hospital. With Foreword by 
Arthur F. Hurst, M.A., M.D. (Oxon.), F.R.C.P., Senior Physician, 
Guy’s Hospital, etc. ; Chairman, Medical Advisory Committee, Astlima 
Research Council of Great Britain. Pp, 503 ; 106 illustrations, including 
4 colored plates. Second edition. Philadelphia: P. Blakiston’s Son 
& Co., Inc., 1934. Price, $5.00. 

With 70 additional pages of text and over 700 new references, the new edition 
of this fine work is highly recommended to students and practitioners as a well- 
rounded treatise on allergy. Its only disadvantage from an American standpoint 
is its lack of hay fever plant surv'eys for this country. R. K. 

Practical Surgery of the Abdominal and Pelvic Regions. By James 
William Kennedy, M.D., F.A.C.S., Surgeon-in-Chief to the Joseph 
Price Hospital, Philadelphia; Consulting Surgeon to the Norristown, 
Coatesville and Chambersburg Hospitals, etc. Pp. 861 ; 133 illustrations, 
some in color. Second edition. Philadelphia: F. A. Davis Company, 
1934. Price, .$7.50. 

The present edition reviews the surgical and gynecologic teaching and operativ'e 
technique of the late Dr. Joseph Price. The author, his pupil, feels that the teach- 
ing, often debated as radical, has stood the test of time. Especial emphasis is 
laid upon widening the indications for vaginal hysterectomy; the principles of 
this operation are extensively illustrated. P. W. 

Physical Chemistry for Students of Biology and Medicine. By David 
Ingersoll Hitchcock, Ph.D., Associate Professor of Ph 3 'siologj’^ in the 
A’^ale University School of Medicine. Pp. 214; 28 illustrations. Second 
edition (with laboratorj’’ directions). Springfield, 111.; Charles C 
Thomas, 1934. Price, $2.75. 

In the new edition are added laboratorj' directions for students, as well as 
several new sections to the text. For revdew of first edition, see this Journal, 
186. 131, 1933. M. McC. 
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RECENT STUDIES ON FAT METABOLISM. 

In reviewing the recent contributions to the study of fat metabolism 
one is impressed by the fact that altliough our knowledge in tliis impor- 
tant field remains in a chaotic state tliere are distinct evidences of a 
more complete understanding of the complex problem tlian in tlie past. 

Methods. Impro\'ement and modification of methods have been 
directed in a large part toward the use of small amounts of blood for 
analysis. Smith and Kirk‘ have combined and modified tlie technique 
of Bloor, Pelkin and Allen, and Stoddard and Drury, so that only 
0.5 cc. of whole blood is necessary to determine tlie fatty acid content. 
Hot benzene extraction is used and titration is carried out witli potas- 
sium alcoholate. Kirk, Page and Van Slyke- have presented a gaso- 
metric method for total lipoids, cholesterol (total and esterified), phos- 
phatids, cephalin and total lipoid N, in which lipoids are extracted by 
an adaptation of Bloor’s alcohol etlier technique. For total lipoids 
alone 0.2 cc. of plasma suffices; for tlie different fractions 0.3 cc. is 
necessary. Boyd® has assembled a group of micrometliods evolved by 
Bloor and his associates and from tliese has devised a procedure whereby 
all lipoids known at present in plasma may be determined on a small 
amount of blood. He uses the oxidative methods because, since it is 
impossible to state by whicli method correct lipoid values are most 
closely obtained, results by several methods could best be compared 
if each were based on the same principle. The o.xidative procedm'e was 
■ tlie only one which could be applied to all lipoids known at present to 
be in blood plasma. Schocnheinier and Sperrj-'* have developed a 
microinethod for free and combined cholesterol in wliich finger blood 
can be used. A small amount of serum or whole blood (0.2 cc.) is 
precipitated with digitonin followed by the application of a color 
reaction to tlie precipitate. Amounts of cholesterol from 0.02 to 
0.15 mg. may be determined. 

Schoenheinier® has succeeded in developing a method for tlie separa- 
tion of unsatiirated sterols from a mixture in wliich saturated sterols 
are present in large amounts. The technique makes it possible to 
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isolate and identify cholesterol from human feces and may open up to 
a greater extent alimentary and biliary studies in cholesterol. 

Discovery of quick, simple and accurate methods of determining 
lipoidal substances in the blood will give impetus to clinical research 
in this field. That less cumbersome methods lead to more widespread 
use is evidenced thus far by the use of Riickert’s lipolvi’it method.®'^ 
The principle is the same as that in tire Gerber milk-fat method. Sim- 
plicity and accuracy are claimed and results have been checked against 
more elaborate, time-consuming methods. Allen® has also described 
a similar quick fat method for plasma. It is accurate, he says, for 
comparative studies, but determinations of accuracy are not published. 
It is fast and simple, no filtrations nor extractions being necessary, 
and employs an alkali reagent, as used in a modified Babcock pro- 
cedure. Allen recognizes the necessity for further study to establish 
the applicability of the method for absolute determinations. 

In cholesterol estimations as well, need for speed and accuracy has 
prompted Kamlet® to publish a colorimetric method. It appears to 
be sufficiently accurate for routine clinical work. The Lieberman- 
Buchard reaction is employed but no heat extraction is necessary, the 
extraction being carried out on blood dried on filter paper for 2 hours 
at room temperature. The widest variation from the Bloor-Sackett 
method was 9 mg. per 100 cc. and the average difference 3.55 mgm. 
per 100 cc. 

Estimation of variations in the quantity and quality of lipoids in 
the various blood fractions has added appreciably to our knowledge of 
fat metabolism. Boyd*® has introduced a new field in his determinations 
of the lipoid content of the white blood cells, carried out in normal 
young women midway between menstrual periods. The lipoid content 
was four times as great as in normal plasma with marked variation in 
the percentage composition of the component lipoids. As compared 
to body tissues the white blood cells contain a relatively large pro- 
portion of cholesterol esters, which vary from 0 to 75% of the total. 
Boyd again brings forward the thought that active cells contain a high 
percentage of phospholipoid and little or no cholesterol esters, while 
inactive or degenerating cells possess a low content of phospholipoid 
and an inereasingly liigh amount of cholesterol esters. His results 
show that those wlute cells containing the highest per cent of choles- 
terol ester had the lowest per cent of phospholipoid, suggesting inert 
cells. When the cholesterol ester content was low the phospholipoid 
values were elevated, suggesting increased activity. Judged by Biese 
standards tliese cells were- in different stages of functional activity, yet 
by usual standards all appeared the same. 

Alimentary Lipemia. The constancy of blood fat levels and the vari- 
ations which occur in alimentary lipemia constitute an important 
chapter in fat metabolism. McEachern and Gilmour^^ have shown 
rvide fluctuations in the 5-hour fasting blood cholesterol curve. They 
conclude that such variations render haphazard studies of blood choles- 
terol of doubtful value. In 1928 McClure and Huntsinger'® found only 
insignificant changes. The experiences of Bruger and Somach*® were 
similar to those of McClure and Himtsinger. Ingestion of food gave 
no appreciable effect. Bloor,^^ too, has shown that with constant dietary^ 
and environmental conditions the plasma lipoid level, postabsorptive. 
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in dogs was satisfactorily constant for 2 years. However, witli tlie 
ingestion of urea, blood cholesterol changes occur. The' ingestion of 
water alone gives no variations outside of the normal range,'^ but witli 
ingestion of urea the resulting high blood urea was associated with a 
diminished cholesterol content. Bruger and Poindexter coidd not 
account for these changes on the basis of water fluctuation in the blood 
and made the assumption that the increment in blood urea modifies 
the plasma colloid structure so that cholesterol tends to decrease 
appreciably. 

Alimentary lipemia, the rise of blood lipoids following the ingestion 
of fats, has been used to study the effect of certain drugs and hormones 
upon fat metabolism, a study which is comparable to the use of tlie 
glucose tolerance cm’ve in carbohydrate metabolism.*® Fat is absorbed 
from the intestine to the blood and from the blood to tlie tissues. 
Bony and Ching point out that the process is more complicated tlian 
is tlie carbohydrate curve, for it includes the rate of digestion of fat, 
which depends on bile and pancreatic secretion. They believe tliat 
witli normal digestive organs under standard experimental conditions 
the rate of fat digestion and absorption is fairly uniform and tliat 
with this precaution in mind one may use alimentary lipemia curves 
as approximate measures of the rate of fat “utilization.” Appreciating 
these difficulties in fat tolerance tests these authors showed in dogs 
that insulin promotes the passage of ingested fat from the blood stream 
into the tissues. This effect is independent from the effect of insulin 
on the blood sugar but does “show that deposition of ingested fat is 
in some way dependent on carbohydrate metabolism.” Interesting 
in comparison with Rony and Ching’s results are those of Sullivan and 
Cameron,^ who, using the lipokrit technique, showed that the admin- 
istration of adrenalin caused a lowering of increasing blood fats in tlie 
alimentary lipemia of diabetes. There are then two antagonistic hor- 
mones producing similar changes, a question which needs further con- 
sideration. Sullivan and Cameron interpret their results as evidence 
to support the view that adrenalin has a direct regulatory effect on 
fat metabolism. Raab*^ reports that pituitrin decreases tlie neuti-al 
fat content of the blood, a reaction abolished by paralysis of .the 
centers in the tuber cinereum and by transsection of the spinal cord. 
He concludes that pituitrin has an action on fat metabolism tlmough 
a nervous pathway. 

Chaikoff and his associates'® found no tjqiical or uniform responses 
of blood fatty acids in man by ingestion of a single fat. The atypical 
response is ascribed partially to preidously uncontrolled diet and an 
insufficient time interval to establish a constant nutritional state. 
Other factors are important also. The authors contend that “tlie 
intestinal factors, as yet poorly understood, account in part, no doubt, 
for tlie normal variability in the response of tlie blood lipoids diu’ing 
the absorption of fat.” "N^Tile Rony and Ching contend, as already 
noted, that under standardized conditions alimentary lipemia curves 
serve as an index of the rate of fat utilization, tliese authors consider 
the uncertainty of rate of absorption as the fundamental weakness in 
such interpretations. They emphasize also tliat the variety of methods 
as well as the differences in the test meals used make difficult tlie com- 
parison of results of different observers. 
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The work of Wilson and Hanner^® on the character of the fatty acids 
with widely different dietary fats is extremely interesting. They 
determined the qualitative changes in the blood fat during alimentary 
lipemia by determinations of the iodin number on tlie serum folloTOng 
ingestion of 40% cream (iodin No. 30 to 40) and cod-liver oil (iodin 
No. 165). Calculations of the iodin number of the increment were 
between 39 and 60 in those fed the cream, and between 118 and 135 
in those fed cod-liver oil. These results are interpreted in this light. 
After ingestion the neutral fat, resyntlietized and present in tire blood 
stream, is "largely or entirely composed of the fatty acids contained 
in the fat ingestion” and not a changed fat of a quality characteristic 
of the individual person. 

Blood Lipoids in Thyroid Disease. A greater understanding of 
changes in blood lipoids in relationship to basal metabolism and thyroid 
disease is evident from recent work. The inverse relationship of blood 
cholesterol to the metabolism in thyi-oid disturbances is, of course, well 
known. In experimental animals®® thyroxin injections have been shown 
to affect blood lipoid levels raising them in whole blood determinations 
20% to SO’%. Liver phospholipoids, however, have been found de- 
creased when the basal metabolic rate is elevated by thyroxin. 

That the blood cholesterol is specifically related to thyroid function 
and is independent of changes in basal metabolism except insofar as 
the change in basal metabolism is a manifestation of thyroid function, is 
becoming evident in the recent accumulation of data. In neplurosis,®^ 
for example, “although the total cholesterol is increased and the basal 
metabolic rate may be decreased there is no constant relationship 
between the two nor is there any predictable effect on thyroid tlierapy.” 
In addition, more than a simple quantitative change in blood choles- 
terol occurs in cretinism. Besides the increase in cholesterol the ratio 
of esterified to free cholesterol may be changed and tlie relative pro- 
portions of each reversed. With therapy the normal relationsliip may 
again be restored. The same authors suggest that the determination 
of the free to ester cholesterol may be valuable in folloAving the patient 
under such treatment. 

Further evidence that thyroid function rather than the metabolic 
rate determines the state of blood cholesterol in thyroid disease, is 
e\ndent from Hurxthal’s®® report. He states that subtotal thyroidec- 
tomy is sometimes followed by hy'percholesterolemia without clinical 
myxedema, tliat the basal metabolic rate may be low postoperatively 
in the patient with respect to the blood cholesterol, and Roentgen ray 
therapy of the gland may produce hjqiercholesterolemia with or ndthout 
clinical myxedema, HurxthaF® also showed that hypometabolism asso- 
ciated with suprarenal or pituitary insufficiency was not accompanied 
by hypercholesterolemia. He believes that hjq)ometabolism found in 
these clinical conditions is not due to thyroid failure because of the 
absence of hypercholesterolemia. If in obesity a hypercholesterolemia 
is found, a concealed myxedema should be considered. In three 
definite conditions of endocrine dysfunction— hypotliyroidism, Addi- 
son’s ^ disease and hypophyseal disease (chromophobe tumor) — the 
thyroid dysfunction alone raised the blood cholesterol over 200 mg. 
per 100 cc., strongly suggestive evidence that in other conditions tlie 
low metabolism is not due to secondary thyroid atrophy. It is further 
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evident from this ivork that changes in cholesterol content of the blood 
with changes in metabolism may be used as a differential point in 
diagnosis. Anotlier strong link in the chain of evidence tliat blood 
cholesterol is independent of basal metabolic rate per se is the work of 
Cutting and his associates.^'* These investigators studied the changes 
in blood cholesterol after dinitrophenol medication. They reemphasize 
the fact that symptoms of hyperthyroidism may be divided into two 
groups, those resulting from the metabolic stimulation and those from 
stimulation of the sympathetic nervous system. The former are 
induced in dinitrophenol medication but not the latter. The results, 
too, tend to show tliat blood cholesterol is not controlled by the meta- 
bolic rate but rather by other thyroid secretory actions. 

There is then, in cholesterol determinations, concrete evidence of 
the complexity of tlijToid function as well as evidence that metabolism 
varies in endocrine disorders independently of thyroid function. A 
diagnostic weapon seems probable in the differentiation of those states 
associated with abnormal metabolism and a means of confirming those 
cases of supposed hjperthjToidism witli normal metabolism and thyroid 
dysfunction varying independently of the metabolism. 

The Essential Fatty Acids. Efforte to show tliat the body requires 
certain essential unsaturated fatty acids corresponding to the essential 
amino acids ha^•e been carried further. Evans and Iris associates,®® 
working on rats, showed that normal reproduction without the essential 
unsaturated fatty acids is impossible. Their findings are striking. 
About 20% of the females failed to litter after implantation. Six per 
cent died during littering and in 95% of the pregnancies prolonged 
gestational periods resulted, displaying interference with tlie birtli mech- 
anism necessary to expel tire young on the expected normal day. "When 
littering took place it occurred with great difficulty. An -unnatural 
chalky appearance of the corpus luteum was observed. Addition to the 
fat-free diet of the essential unsaturated fatty acids was the only factor 
which markedly improved the animals. Lactation on the fat-free diet 
was possible but not highly successful. The same authors®® showed 
tliat the unsaturated and not tire saturated fatty acids are the essential 
ones for rats. They call the essential unsaturated fatty acids vitamin E. 
Absence of these fatty acids is said to produce sterility in male rats.®^ 

Hansen and Burr®® discovered distinct differences in the serum lipoids 
of rats fed on fat-free and normal diets. Distinct differences were 
found in the iodin numbers of the two groups. Results®® indicated that 
the serum fatty acids of rats fed on fat-free diets are less unsaturated 
than those of controls. The skin changes observed in rats suffering 
from the unsaturated fatty acid deficiency disease suggested to Hansen®® 
that infantile eczema might be partially dependent on this type of 
dietary' deficiency'. Determination of the serum fatty acid in infantile 
eczema indicated less unsaturation than in controls. He®* therefore 
gave oils rich in imsaturated fatty acids to 14 patients, with good clinical 
results. In 4 subjects followed witli iodin numbers the numbers rose 
'to normal figures parallel witli improvement. The common use of 
crude coal tar in these lesions led the autlior to determine the effect of 
such therapy on the iodin number.®® Results were similar to those with 
unsaturated fatty acids. The author emphasizes, however, tliat these 
reports are preliminary and tlie changes noted need further confirmation. 
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A further and distinctly separate attempt to relate lipoid metabolism 
and eczema is the work of Faber and Roberts.®^ Blood lipoids were 
determined in patients with eczema and in normal controls. Outstand- 
ing differences occurred in the serum cholesterol. One-half of tlie cases 
showed a hypercholesterolemia. A few values were very low, so that 
the results were interpreted as demonstrating an instability in choles- 
terol metabolism. No differences in phospholipoids were noted. 

Blood Lipoids in Diabetes. The lipoid changes in diabetes have con- 
tinued to hold the interest of many observers. Chaikoff, McGavack 
and Kaplan'® determined the postabsorptive blood cholesterol in 
depancreatized dogs maintained on insulin and diet. They found a 
reduetion in the ester cholesterol of the fasting blood in these animals. 
Curtis, Sheldon and Eckstein^^ quote Allen in stating that, aside from 
a good dietary supply of fat, the one prerequisite of diabetic lipemia 
is active severe glycosuria and hyperglycemia, and that in mild cases, 
or in severe cases which are controlled, the lipemia is never extreme 
in spite of high fat intake. Therefore, the diabetic lipemia represents 
more than a mere excess of fat in metabolism. Allen has never seen 
marked lipemia without acidosis. The findings of Curtis and his asso- 
ciates substantiate Allen’s views that severe diabetes alleviated by 
treatment shows no extreme grade of lipemia. Unlike Allen, however, 
they found a parallelism between tire degree of lipemia and degree of 
acidosis. Their results indicate that fat ingestion is unimportant in 
the lipemia if the fats are burned or stored and they believe that the 
lipemia is a result of almost total diabetes due to the disease itself or 
to a severe acidosis. In their case showing xanthomata a relationship 
between the tumors and the lipemia was apparent, for the xanthomata 
disappeared as the blood fats were reduced to normal levels. 

Bruger and MosenthaP also have attempted to determine the factors 
which control the plasma cholesterol level in diabetes, experiments 
which supplement those of the work already mentioned. On the injec- 
tion of insulin, whereas a definite change occurs in tlie blood sugar, in 
cholesterol the value “may rise or fall but usually remains unchanged 
for several hours.” 

Man and Peters have added gi’eatly to the understanding of lipemia 
in diabetes. In experiments in which transudation of fluid was pro- 
duced, and by comparing the protein and lipoids in the serum and in 
pathologic exudates, they have shown that capillary walls are imper- 
meable to cholesterol, phospholipoids and compounds of saturated 
and slightly unsaturated fatty acids, as well as to proteins.®® Witli 
these facts as starting points tliey studied diabetic acidosis®^ to compare 
changes in lipemia mth variations in the serum protein concentration, 
“for the double reason that not only are proteins indicative of the 
course of clinical improvement but also that hemoconcentration should 
produce marked differences in the plasma lipoids if normal capillaries 
are, as has been demonstrated, equally impermeable to protein and 
lipoids.” Results bore out this reasoning. In acidosis the lipoid frac- 
tions were above normal and returned on recovery to lower levels, fol- 
lowing the serum proteins. Concentrations of cholesterol more nearly 
paralleled tlie proteins than did the other lipoid fractions while con- 
trary to usually accepted views the concentration of the serum fatty 
acids and cholesterol were not always related. Although variations in 
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tlie concentration of tire lipoids of the blood depend largely on the 
degree of hemoconcentration otlier factors also may play a part. Hemo- 
concentration is offered as a possible explanation of the unexpected 
variations in cholesterol noted by Bruger and Somach.^^ 

The relationship of cholesterol to obesity and degenerative diseases 
has been explored by Bruger and Poindexter.^® Patients witli diabetes, 
essential hj’pertension, osteoartlrritis and arteriosclerosis were studied. 
The authors point out that the relationship between tliese diseases 
and obesity has been stressed for years; that the degenerative diseases, 
as contrasted to the inflammatory ones, are usually associated with 
increased blood cholesterol. Their results show tliat in 53 obese subjects 
witliout degenerative processes tire plasma cholesterol was normal. 
However, in many instances when h;^T)ertension, diabetes or arterio- 
sclerosis was associated, tire cholesterol values were higher. The obese 
patients eating a diet high in fat had normal blood cholesterol levels 
unless the degenerative diseases supervened. They tlrerefore conclude 
that the development of degenerative diseases in tire obese is, as a rule, 
followed and not preceded by hypercholesterolemia and tliat the 
elevated cholesterol in the blood in these degenerative changes is 
usuall 5 ’- to be regarded as a complication and not as an etiologic 
factor. 

Bile Salts in Fat Metabolism. In Wright’s®® important experiments 
upon the biliary system of dogs, he finds cholesterol in bile in tire free 
state only. He finds no esters of cholesterol in normal dog bile. With 
Wiipple*® he suggests a liver tlrreshold of elimination of clrolesterol. 
It %vas found possible to raise tire blood cholesterol unthout a large 
increase in bile cholesterol and also to increase cholesterol elimination 
in the bile without change in tire blood cholester-ol concentration. 
Whereas the esters make up a large part of blood cholesterol they do 
not appear in dog bile, so that if tire normal liver cell has a threshold' 
for cholesterol it will not pass cholesterol esters. To tlris phase of tire 
problem tire authors offer further study. The factors influencing the 
appearance of cholesterol in the bile are considered, especially tire 
dependence of the cholesterol of tire bile on the circulation of tire bile 
salts. The change wrought in the solubility of cholesterol in bile is 
not the only action of the bile salts, for tire effect of bile salts on the 
liver cell itself is also important. The bile salts, in this conception, 
would act directly upon the liver cell, change its state, and permit the 
passage of cholesterol. The bile salts thus modify body function, tire 
autlrors believe, not only in their “external sector” but also and prob- 
ably with more importance in their “internal sector.” Calculations 
show tlrat a 10 kg. dog has in circulation 750 to 1500 mg. of cholestero'.. 
from which only a very small amount, 10 to 20 mg., appoa^"-' >n the bile 
dailj". This naturally points to the bile as an outlet for snip.’ is choles- 
terol. However, since tire increase in bile cholesterol is insignificant 
in dogs on diets rich in cholesterol, and since in liver injury due to chloro- 
form botlr bile salt and cholesterol elimination are decreased in the bile, 
the bile cholesterol may also be related to tlie internal cholesterol metab- 
olism going on in tlie liver cell. They point out a possible clinical appli- 
cation of Biese views, in tliat stasis of bile witli high cholesterol values 
favors precipitation of cholesterol and subsequent formation of gall 
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stones. Not only would bile salts aid this situation by their cholagogue 
action but also by holding tlie cholesterol in solution in the bile. 

Hawkins and Wright*^ stress the importance of only one variable, 
one type of injury, in observing changes in blood cholesterol. Using 
chloroform to produce such injury these observers showed that chronic 
derangements in liver function cause changes in plasma cholesterol 
metabolism. Chloroform by moutli decreased the ester cholesterol- 
cholesterol ratio, while bile duct obstruction raised the amounts, of 
each but left the ratio unchanged. However, low blood cholesterol 
Avith dissociation of the esterified to total cholesterol ratio is not due 
to parenchymal liver injury only. Wiile in biliary" obsti-uction hyper- 
clrolesterolemia results, if obstruction alone caused the change the free 
cholesterol of blood should increase much more than the esters with 
dissociation of the ratio. Experimentally a normal ratio is maintained. 
That the hypercholesterolemia in biliary obstruction cannot be due to 
changes in the liver alone is also evident. 

Study of cholesterol-cholesterol ester has been proposed as a test to 
differentiate obstruction and parenchymatous lesions, for as noted in 
obstruction, the total cholesterol maj'^ be elevated witlr the ratio the 
same, Avhile in parenchymatous injury the total cholesterol will decrease 
and the combined cholesterol drop markedly, ^^^lile this maj”- be true 
there are cases, as shown in dogs, where the blood cholesterol does not 
change. Also if the cholesterol is raised by obstruction, liver damage 
udll cause a prompt fall, producing a weakness in the diagnostic index 
of cholesterol-cholesterol ester. 

The authors, however, emphasize the significance of ratio of esterified 
to total cholesterol as a criterion of impairment of liver function over 
any change in total plasma cholesterol. "V^riiile total cholesterol varies 
widely, the ratio is more constant even in dietary extremes. Vifiien 
values of the ratio fall below tlie Ioav normal it is an indication of 
impairment of the functional capacity of the liver. 

The studies of Wright and his associates are of extreme importance 
in laying the foundation of physiology of cholesterol metabolism upon 
which may be built knowledge of cholesterol patliology. 

Lipoid Changes in the Anemias. The lipoid changes in the anemias 
haA^e been inA'estigated by Muller and Heatli.'*^ They point out that 
disturbances in cholesterol and lecithin metabolism frequently occur 
in anemia but that AaeAvs in the literature are conflicting. Some say, 
for example, “that there is no characteristic difference in tlie blood 
lipoids in the different types of anemia and that the leA'^el of the blood 
cholesterol and degree of anemia are directlj'' related — a general reaction 
to loss of cells and hemoglobin in tlie circulating blood.” Muller and 
Heath believe from tlieir results that AA’hatever is the underlydng cause 
of disturbed lipoid metabolism, anemia per sc is not directly related to 
the leA’el.of the cholesterol and lecithin phosphorus in tlie blood. They 
have studied the cholesterol and lecithin A'alues in A^arious types of 
anemia. In pernicious anemia a definite relationship betAA^een the 
stage of tlie disease and blood lipoid AA’as previously shoAA’n by'’ Muller. 
The cholesterol and often the. i.^citliin phosphorus decreased during a 
relapse, but as remission started .. sudden rise in lipoids occurred Avith 
tlie reticulocyte response. HoAvev'er, in the anemia of chronic blood 
loss the loAv A'alues did not* A'ary directly' Avith tlie reticulocytes in 



142 


PROGRESS OF MEDICAL SCIENCE 


therapy, nor were any relationships to reticulocytes or concentration 
of hemoglobin or red blood cells found in idiopathic hypochromic anemia. 
In acute blood loss, tliey state, however, that as a rule the reticulocyte 
outpouring was accompanied by hypercholesterolemia and lecithinemia. 
In cancer of the stomach the low lipoid level remained regardless of the 
level of the red blood cells, except where the anemia improved with 
iron therapy. 

The differences in behavior of the lipoids in these various types of 
anemia have led these authors to the conclusions that the plasma 
lipoid is not directly related to the concentration of red blood cells 
or hemoglobin. Even vdth responses to treatment the reactions vary. 
In chronic blood loss the increase following therapy starts after the 
reticulocyte response, wlrile in pernicious anemia the response parallels 
the reticulocytes. The high values of lipoids in acute hemorrhage are 
not adequately explained. Since low values occur in more severe 
anemia tlie authors discount the claim that a lack of red blood cells or 
decreased oxidation may cause it. Other explanations offered are a 
, sudden decrease in lipase and in metabolism of the lipoids, a sudden 
outpouring of fats faster tlian they can be disposed of or possibly in part 
tiu-ough displacement of fat by blood forming tissue (Bloor), and a 
sudden decrease in proteins vdth compensation by lipoids to help 
maintain the colloid osmotic pressure (Fishberg). The lowering of the 
lipoids in chronic blood loss is also inadequately e,xplained at present. 
Lipoid exhaustion and the possibilitj'' of low values because of increased 
functional activity of the reticulo-endothelial system are entertained. 
The possibilities of nutritional effects are dispelled in idiopathic hypo- 
clmomic anemia by the fact that lipoids remained uninfluenced after 
the anemia improved markedly on iron and on adequate diet. 

Lipemia of Pregnancy. The lipemia associated with pregnancy has 
been considered by Boyd.^^ He finds it very “similar in nature to the 
lipemia in diabetes, nephritis, clu-onic alcoholism and persistent hem- 
orrhage. Neutral fat is first increased and later the phospholipoid and 
cholesterol follow, the increase of the latter tAvo appearing entirely 
secondarj' to the neutral fat increase and probably represents some 
adjustment in the lipoid balance of the body.” The most popular 
theories of tlie natin-e of the lipoid increase are reviewed. An endocrine 
theory Avith hormones affecting the blood lipoid leA^els heads the list. 
Absorption of products of fetal metabolism, placental toxins, change 
in blood lipase and many others are mentioned chiefly to emphasize the 
fact that none has been sufficiently proved. Experimental AA’ork on rats 
is discounted since rats do not display hypercholesterolemia in 
pregnancy. 

Studies in lipoid metabolism in pregnancy>-, as AA'^ell as outside preg- 
nancy, must embrace determinations of lipoids in whole blood, plasma, 
and red blood cells because of clianges AA’hich may be significant in 
these three fractions. Boyd has found that the lipemia of pregnancy’^ 
is due almost entirely’^ to increase in plasma lipoids. Since tlie red blood 
cells show only slight change, determinations on aaIioIc blood ^ve little 
indication of where the changes are occurring. The neutral fat sIioaa-s 
an increase in the first trimester, the cholesterol and phospholipoid in 
the second. "At terra neutral fat is elcA-ated the most (over 100%); ■ 
phospholipoid and free cholesterol are eleA'ated about one-fourth. The 
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ratio of phospholipoid to cholesterol and ester cholesterol to total 
cholesterol are but slightly altered.” Boyd concludes that his results 
place the lipemia of pregnancy in the class of similar persistent lipemias, 
as diabetes and experimental anemias. He finds no change in the 
composition of tlie fatty acids tlie iodin numbers in the pregnant 
women being similar to those in the non-pregnant state. 

The cholesterol values in nepliritic toxemia and eclampsia are higher 
than in the non-pregnant woman but not different from normal 
pregnancy.^"* 

Xanthomata. The association of xanthomata with derangements in 
fat metabolism has continued to interest investigators. Michael and 
Nicholas'*^ in 3 cases of xanthoma multiplex and 5 of xanthelasma showed 
disturbances of fat metabolism manifested by an abnormal distribution 
of lipoid constituents of the blood or by the results of fat tolerance tests. 
Chaikoff et alP found increased lipoids in the blood of a case of xantho- 
matosis. This patient failed to show, as did the one of Wile, Eckstein 
and Curtis,^® any disturbance of the capacity of tlie tissues to take up 
absorbed lipoids, pointing to the view that the increased blood lipoids 
are derived from fat having already been stoted or by synthesis of fat. 

A study^^ of the lipoid content of tissues in a case of Schiiller-Chris- 
tian’s disease demonstrates that while reported variations in lipoid 
content of various organs in this disease are marked, lipoids in tissues 
showed no marked difference from those of normal individuals except 
in xanthomatous masses. 

Cholesterol in Nephritis. Ashe and Bruger^® reported the choles- 
terol content of the blood in patients with nepliritis, and with nephritis 
with uremia to investigate the changes in cholesterol when uremia 
develops. Their results show that a low blood cholesterol in Bright’s 
disease with uremia foretells death, ivhile a high cholesterol carries a 
good prognosis for the uremia. These findings were in no way correlated 
with edema. There was some evidence of a reciprocal relationship 
between cholesterol and urea, but this relationship was offset at times 
by various compensatory factors making it difficult to determine such 
a relationship uniformly. While no definite evidence of a cause for this 
relationship could be detected the authors believe that tlie low choles- 
terol values are probably due to such factors as cachexia and anemia. 

Maxivell,^® in a study of plasma cholesterol in nephritis, reports 
findings directly at variance with those of Ashe and Bruger. In acute 
cases they found that tlie plasma cholesterol appeared to be roughly 
proportional to the edema. In tlie chronic types variations were very 
wide and tliey were unable to demonstrate any satisfactory relationsliip 
with the clinical course of the disease. They state that tlie plasma 
cholesterol is of little prognostic significance and that they found slight 
ground to suggest that “an increase in the plasma cholesterol in the 
absence of edema is an indication of a probable early termination of 
the case in uremia.” 

Lipoid Metabolism in Neuropsychiatric Disorders. Because of the 
high percentage of lipoids in brain tissues, attempts have been made to 
correlate tlie lipoid values of the blood with various mental and nervous 
diseases. Hopkins^® has determined the whole blood cholesterol in 
epilepsy. Ketogenic diets producing a fatty acid acidosis and a rise 
in blood cholesterol suggest that a fall in blood cholesterol may occur 
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during tlie active phases of epilepsy. Hopkins’ results show tliat the 
whole blood cholesterol in epilepsy appears to be significant in indicating 
the direction in which physicocliemical changes are talcing place and 
tliat tlie values are slightly lower in epileptics than in normals witli a 
greater 24-hour variation. 

In manic depressive psychosis as well, Slight and Long’'^ discovered 
distinct differences from normal. lodin numbers were lower in depressed 
cases, indicating a greater proportion of saturated lipoids than in the 
normals. The authors also conclude that in certain manic depressive 
cases a disturbance in lipoid metabolism occurs, as shown by the in- 
creased lipoid content of tlie plasma. 

Changes in lipoid metabolism in schizophrenia have been shovm bj'- 
Looney and Childs,®^ who found a slight degree of depression of the 
cholesterol of tlie whole blood. Thej’’ state, however, that “although 
tlie blood cholesterol values for a series of schizophrenics is somewhat 
lower than for normals, in a given patient the values cannot be used as 
an aid in diagnosis, since variability is so great and range so wide that 
no single determination can be taken as characteristic.” 

■ Wm. a. Sodeman. 
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THE TREATMENT OF CHOREA. 

According to Garrison/ “Chorea (dancing mania) was probably 
the result of physical degeneracy plus fanatical religious enthusiasm, 
and acquired the name of St. Vitus dance from the processions of 
dancing patients in the Strassburg epidemic of 1418.” Because tlie 
first scientific description was given by Sydenham^ in liis “Schedula 
Monitoria” (1686), the condition is called Sydenham’s chorea. 

For many years tlie disease was treated empirically by the use of 
arsenic in the form of Fowler’s solution and by salicylates. The latter 
were given because rheumatism Avas so often seen in cases of chorea. 
Later this association aroused interest, and the occurrence together of 
chorea and rheumatism was studied first by the clinicians and later 
by the bacteriologists. During the early phases of these studies there 
Avas considerable doubt that the association Avas more than a frequent 
coincidence; but Asfith the work of Poynton, Payne and others on the 
bacteriology of these conditions, the role of streptococci in both Avas , 
demonstrated. It folloAved that the relationship betAveen chorea and 
acute rheumatic fever Avas more tlian casual. 

In 1909 tlie direct relationship between tliese two diseases had not 
been established. Such a great authority as Holtf Avrote as folloAvs: 
“With reference to the use of drugs, it is adAosable to separate from 
other cases those in Avhich tlie connection witli rheumatism is very close. 
In the rheumatic cases, salicylate of soda is often efficient, Aiffiile the 
drugs usually employed may be absolutely without effect. In a case 
recently under obserA'ation, arsenic had been continued for 2 Aveeks 
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■natliout the slightest improvement, when tire patient had an intercurrent 
attack of subacute rheumatism for wliich salicylate of soda in full doses 
was given, with the effect of controlling the choreic symptoms promptly 
and permanently. In the non-rheumatic cases, arsenic is almost univer- 
sally admitted to be the most valuable remedy we possess. . . 
Kerley^ in 1919 said: “By treating every case of chorea as though the 
disease were rheumatism, my results have been strikingly good. Not 
only is the child given the salic^dates, but he is put on an antirheumatic 
diet. The tonsils should receive careful attention, and in repeated 
attacks enucleation should be practiced.” This author under the 
heading of “Supplementary Treatment” described the first form of 
serologic treatment as originated by Goodman, who reported 30 cases 
of chorea treated by the autoserum method. After having the cliild 
lie in bed for 3 or 4 daj^s or longer without any medication, Goodman 
vdthdrew from a vein 45 to 50 cc. of blood and rapidly centrifugalized it. 
The serum was then pipetted off and kept on ice. A lumbar puncture 
was performed in the usual manner. The fluid was withdrawn slowly 
and about 20 cc. of the fluid were collected. The serum was then heated 
to body temperatme and very slowly injected into the spinal canal. 
He warned that such an injection should take from 10 to 15 minutes, 
and usually 15 to 18 cc. of the serum were used. The patient should 
retain the recumbent position for at least 1 hour after the injection. 
From 1 to 4 injections were given, but the interval was not stated. 
Tills rather cumbersome procedure, not devoid of danger, did not 
attain vdde use, although Goodman’s report showed results that 
seemed very satisfactory from the standpoint of cures, improvements 
and the low incidence of recurrences. Incidentally his standard of 
classifying his results was based on rather rigid requirements. Under 
cured, he grouped those cases in which all tMutchings ceased within a 
week. Under markedly improved, he grouped those cases in which 
tliere was a cessation of all twitchings within 2 weeks. As slightly 
improved, he classified those where the tvltching disappeared at the 
end of the third week, and as unimproved, those in whom the twitchings 
were still present during the fourth week. 

Other bacteriologic products have been used but witli no uniform 
success, and as a consequence thej’’ have not become popular. Mention 
will be made later of two more recent bacteriologic preparations for the 
therapy of chorea. Before considering these let us review the treatment 
of chorea and add several methods that have been recommended:' At 
first tliere was Fowler’s solution, given in small doses gradually increas- 
ing to the point of tolerance if necessary. Later salicylates were used 
eitlier separately or in conjunction vdtli Fowler’s solution. Rest in 
bed, bromids, luminal and similar drugs were used to decrease nervous 
excitability and to promote absolute rest. With the definite association 
of rheumatism and cardiac involvement with chorea the indications for 
rest became more imperative. 

Several methods of treatment ■null now be enumerated or described 
vdthout regard to their chronologic position in the development of the 
therapy of chorea. None of these has gained popularity if the dearth 
of references in tlie literature may be taken as a criterion. The two 
exceptions among the newer methods are the nirvanol and typhoid 
vaccine methods of producing artificial fever. Gopeman^ reported a 
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series of 44 chorea cases in children treated by means of reclining baths 
at skin temperature for considerable periods of immersion. He said; 
‘'The sedative effect, which it is the object of this treatment to produce, 
was generally manifest after about a week. ...” All the cases re- 
sponded well after periods of treatment varying from 8 to 12 weeks 
in the milder ones, and up to 5 months in the severer cases. A certain 
number of selected cases was treated in the same ward on more usual 
lines with various drugs, including nirvanol, at the same time that the 
hydrotherapy treatment was used. It was observed that these re- 
sponded more quickly, but relapses were more common. The notes of 
50 unselected cases treated on more orthodox lines were exaim’hed, 
and the incidence of relapses was compared with those occurring over 
4 years in the presented series. In the former group where drugs were 
used, there were found to be 8 relapses, a ratio of 1 to 6; while in the 
present series there were 3 relapses or a ratio of 1 to 13. 

Leopold and Rothstein,® using a ketogenic diet similar to that used 
for epilepsy in a series of 12 cases of chorea, noted good results in 9. 
They found that the period which elapsed before the development of 
a definitely marked ketosis varied from 3 to 8 days. The period of 
continued ketosis required for the disappearance of the choreiform 
manifestations was approximately 9 to 24 days. In 2 cases the authors 
were forced to discontinue the diet after several days before a definite 
ketosis was even produced, because of the development of acute endo- 
carditis and pericarditis in 1 case, and the contracting of a severe lobar 
pneumonia in the other. In 1 case of severe chorea in a stout girl of 
11 years, weighing 129 pounds, who had displayed marked symptoms 
of chorea for 7 months prior to her hospitalization, it was impossible 
to improve her condition. It was noted that although a definite ketosis 
was produced within 6 days, and the child was kept on the very low 
carbohydrate stage of the diet, receiving 10 gm. of carbohydrate per 
day, the production of a ketosis was not constant. Some days the 
ketosis would be moderate, whereas on others the tests for acetone and 
diacetic acid in the urine would be negative. Apparently the ketogenic 
diet may be used with success in most cases of chorea, according to 
these authors, except those which have acute respiratory or other infec- 
tions such as a conciurent pneumonia. In some instances it was found 
that the high fat was not well tolerated, for nausea and vomiting would 
occur as signs of a fat intolerance without any clinical symptoms of an 
acidosis developing. In fact, according to weekly chemical examina- 
tions of the blood, no material or clinically significant changes in the 
blood or CO 2 figures occurred. If this condition were found true in a 
large series of cases, it would seem to show that the ketosis produced, 
as evidenced by the presence of acetone and diacetic acid in the urine, 
is not always accompanied by a clinically significant acidosis, such as 
might be expected to cause a material change in the carbon dioxid 
combining-power of the blood. The authors felt that the efficiency of 
the diet had not been proved sufficiently to warrant risking the possi- 
bility of causing gastro-intestinal upset in such cases that may have 
the complications mentioned before. Consequently in treating these 
children they recommended rest in bed, the use of sedatives and other 
symptomatic treatment. 'NYhether the ketosis produced in the treat- 
ment of chorea will be of any value in the prevention of cardiac com- 
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plications, tliey -were unable to say'^nth tlie data at their disposal 
from the study of this series of cases. They thought, however, that 
the actual shortening of the dui-ation of the chorea might diminish 
the possibility of such complications occurring. That the authors 
failed to be convinced of tlie efficiency of tliis treatment of chorea is 
suggested by the absence of further reports bj^ them after se\'eral years. 
Doubtless it was used by manj'^ others anxious to discover a safe and 
efficient procedure in the handling of tliis disease, but no evidence of 
their experiences appears in the literature. Our own experience with 
the ketogenic diet in the treatment of severe cases was that improvement 
followed usually only after long periods extending to from 4 to 10 Aveeks. 
In some cases the maintaining of ketosis as evidenced by acetone and 
diacetic acid in the urine was difficult. Another disadvantage ' tliat 
tliis method has in eommon with most of the procedures so far recom- 
mended in the treatment of chorea is the necessitj’’ of hospitalization. 

Speaking of the medicinal treatment of ehorea, Mutsch^ says that 
calcium acetylsalicylic acid or calcium aspirin possesses the means of 
dealing simultaneously ivith the three etiologic faetors of chorea: 
rheumatism,' nervous strain and calcium deficiency. This was the 
only mention of calcium deficiency as one of the etiologic factors in 
chorea that we found. According to him it supplies an adequate 
amount of calcium, produces a useful sedative effect on the brain and 
combats the rheumatic element if given in sufficient doses, readily 
dissolving in water and forming a neutral solution suitable for adminis- 
tration by vein or subcutaneously as well as by mouth. By crystal- 
lization from a solution of calcium chlorid, a form of calcium acetyl- 
salicylic acid has been obtained with a stability approximately equal 
to that of the parent acetylsalicylic acid itself. The author’s 19 patients 
were kept in bed. A light, mixed diet was given. The only drug 
emploj’^ed except laxatives was calcium acetylsalicylic acid, dissolved 
in Avater and administered by mouth. The average daily dose A^aried 
up to gr. xIa' for a child aged 12 years. The rapidity of response did not 
A'arj'^ accurately with the original seA^erity of the choreic moA'ements, 
as mild cases sometimes proA’ed to be more resistant than seA’ere ones. 
The attack was not registered as OA^er until the condition had so far 
improA-ed that an aA'erage medical man aawiM haA'e had difficulty in 
diagnosing the case as one of chorea. Spontaneous moA'ements Avould 
haA'e stopped, ^^oluntar3' moA'ements Avere of average accuracy, and 
the patient could sustain a steady grip of the hand for a minute or so 
AA'ithout fluctuation. The aA'erage time taken to conti'ol chorea Avas 
17 days and the limits AA'ere 7 to 46 days. The drug diminished the 
discomforts of tlie patients at all stages of the treatment, and did not 
produce any mental depression, undue droAA'siness or digestive derange- 
ment. There Avere no relapses or secondary exhaustion AA'hen the drug 
AA'as finally AA'ithdraAvn. 

Charnej'® and Williams® treated 2 and 4 cases respectively AA’ith 
J. C. Small’s antiserum for Streptococcus cardio-arthritidis. Small had 
reported faA'orable results Avith antiserum and A’accine and described a 
skin test for susceptibilit 3 '. His articles on specificity and his results 
Avere coiiA-incing enough to induce many clinicians to use this serum, 
but fcAv have reported their results. SAA'ift has stated that this serum 
causes a non-specific reaction, similar to that obtained Avith anj- anti- 
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strepfbcoccic serum, Charnej’', feeling that reports of unfavorable 
results are as essential as are favorable reports^ described 2 cases of 
chorea, treated with the serum, one with apparently no result and the 
other with a reaction tlrat appears to have led to the death of the 
patient. The cases were chosen as illustrating extremes of severity of 
the disease and because of the difference in the results. 

“The Nirvanol Therapy of Chorea” was the subject of a paper by 
deRudder.^” Nirvanol is a phenyl-ethyl-hydantoin that was intro- 
duced originally as a new sedative and was widely used as such. In 
1919 Roeder reported good results obtained with nirvanol in the treat- 
ment of chorea minor, but observed that during the nirvanol medication 
a drug exanthem developed. Rietschel reported in 1920 on tire basis 
of a study of cases that this drug exanthem was essential for the 
production of the therapeutic effect of nirvanol. Because of its unpleas- 
ant side effects the drug is no longer used as a sedative, but it is em- 
ployed largely in the treatment of chorea. Nirvanol is indicated only 
in the treatment of the severest cases of chorea and its complications 
must be considered. It must be emphasized that the nirvanol treat- 
ment must not be looked upon as indifferent. In severe cases the use 
of this drug is definitely indicated. Because of the risks associated 
with the treatment, nirvanol medication is employed largely only in 
the hospital where the patient can be carefully watched by a competent 
physician. The effect of the drug is based on the appearance of the 
exanthem. In order to produce this a daily administration of the drug 
is necessary. If no reaction takes place after 14 days the use of the 
drug must be discarded since an exanthem could no longer be expected. 
The dose of the drug is generally 0.3 gm. per day and in older clnldren 
it is occasionally used in doses of 0,6 gm. per day. This dose must 
under no conditions be exceeded. During the medication strict bed 
rest must be maintained. The “nirvanol disease” appears between the 
6th and the 14th days. Around this time there develops a morbilliform 
exanthem frequently associated with fever. The degree of intensity 
of the exanthem varies. Occasionally there is also observed a slight 
irritation of the conjunctivse. In rare cases the reaction may be severe. 
Rusleer observed a case with a severe recurrent exanthem, severe 
stomatitis, balanitis, and a very liigh fever. Joloicz observed a case 
of transitory intestinal paralysis with a Irigh degree of tympanites fol- 
lovdng the use of excessive doses. These severe although rare cases 
show the great necessity of care when this treatment is employed. Its 
use is justified by the fact that chorea itself maj'- result fatally. The 
success of tlie therapy and the appearance of the reaction is lightning- 
like and more or less certain. Of interest is the fact that occasionally 
shortly before the appearance of tlie reaction, a slight aggravation of 
the choreic tvdtchings may be observed. Regarding the biologic 
character of the nirvanol disease, it may be stated that it has some 
resemblance to an anaphylactic reaction. The incubation time of from 
9 to 12 days may be considered as the time necessary for the develop- 
ment of amboceptors until then absent from the bodj\ The clinical 
picture is identical with that of serum disease. There frequently 
develops an eosinophilia of a considerable degree. The metabolic- 
chemical changes are similar to those observed in serum disease. 
Shortly before the appearance of the reaction there develops an alka- 
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lotic change in the organs, a “pre-anaphylactic tetany” similar to thal 
observed in serum disease. There also develops a galvanic hyperirrita- 
bility of the peripheral nerves. As the exanthem develops there occurs 
a change in the metabolism in the direetion of acidosis, and it seems 
that tliis tjTie of “metabolic shock” is the most important factor in 
the nirvanol therapy. 

Dennett, who studied 93 cases of chorea treated with nirvanol, 
said, “One has to use the drug ■ndth caution — one must have brains 
as well as the drug.” Marick,!^ presenting his experience in some 60 
cases, feels that the nirvanol treatment of the chorea patient at home 
is safe and practical. This is contrary to the opinion of practically 
every other observer. Calb^ had 26 cases in his series. Silber and 
Epstein^^ studied 28 cases of chorea treated with nirvanol. 

Freire^® claimed tliat constant and excellent results were produced 
with febrifacient injections of Sufrogel. The production of fever by a 
serologic product was described first by Sutton.^® Her investigations 
were based on the hj'pothesis that the fever is the effective factor in 
the treatment which she described. She fully realized that this point 
was not proved and that other immunologic factors may be operative; 
but support is lent to tliis hypothesis by the fact that fever is common 
both to intoxication vith drugs such as phenobarbital and phenyl- 
ethyl-hydantoin, which may have a beneficial effect on the chorea, and 
to foreign protein therapy. In order to investigate this question, typhoid 
vaccine was given to most of the choreic children at Bellevue Hospital 
during parts of 1929 and 1930. This vaccine was chosen as a simple 
and safe means of producing fever. The object was to obtain fever for 
several days in succession. With plain typhoid vaccine, fever was not 
produced if the injections were given at intervals of less than 5 to 7 
days, and not every case responded with high fever. Possibly if larger 
doses had been given, more sharp reactions would have occurred. 
However, enough cases showed marked improvement following a sharp 
febrile reaction to encourage a continuation of this line of treatment. 
In the faU of 1930 tjqihoid-paratyphoid vaccine was tried. This vac- 
cine when given intravenously invariably produced a sharp febrile 
reaction, even when given every day. Up to the time of her report in 
jMay, 1931, Sutton had treated 24 cases of chorea with intravenous 
injections of tliis vaccine ivith encouraging results. It is possible that 
some other more satisfactory way of producing fever may be found, 
but this method is simple, safe and cheap. The progress of the chorea 
was used as a guide for the continuation of the treatment. Most cases 
seemed to require a febrile period of about a week, while others needed 
more, depending chiefly on the severity and duration of the attack. 
Except for rest in bed and general nursing care, no other treatment was 
employed in this series. \^Tien possible, the children were kept in 
small rooms off the ward; but a number were treated in cubieles in the 
ward with no attempt at special isolation and quiet. Codein was given 
in some cases for severe headache during the reaction. It is important 
to note that acetylsalicylic acid is contraindicated, since it reduces the 
temperature. The injection was usually given in the afternoon, so that 
the child would not miss his dinner. The reaction was over in time for 
him to have an undisturbed night’s sleep. The effect of the fever on 
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the chorea was usually immediate. After the febrile reaction was over, 
the movement was noted after each reaction. Most of the children 
lost weight during the period of treatment and sometimes seemed worn 
out after it. For this reason they were kept in bed for a week after 
the treatment was stopped, in order that they might regain their 
strength before being allowed any acti%dty. They were kept in the 
hospital for another week of observation while up and about the ward. 
High-caloric diets were given with extra milk, cod-liver oil and .iron 
tonics when indicated. A few were given transfusions of whole blood 
for moderate secondary anemia. Such measiu’es were designed to 
hasten convalescence. Occupational therapy was found to be helpful 
in keeping the children busy and happy. It was particularly helpful 
where there was incoordination due to muscular weakness, which 
often persists after tire real chorea is over. 

Dennett (loc. cit.), however, found that the reactions to typhoid 
vaccine in some patients were too severe to warrant its use, and he 
does not allow its use on liis wards, preferring nirvanol in the treatment 
of this disease. Cheetham^^ presented several examples from his series 
of cases and concluded that the treatment of chorea by artificial pjTexia 
shortens the duration of the choreic movements, but does not prevent 
recurrences and does not appear to have a beneficial action on rheu- 
matic carditis. In \dew of these conclusions it is clear that the method 
requires exhaustive trial before it can be generally adopted. Its grave 
danger lies in the tendency to produce a false impression of cure by 
abolishing the movements, which in themselves are merely a symptom, 
when serious changes may be occurring in the heart. A child vdtlr acute 
rheumatism should not be allowed out of bed as soon as the joint swell- 
ings have subsided under the influence of salicylates. In the same -way 
it is undesirable to allow a child out of bed after the onset of an attack 
of chorea unless it can be conclusively proved that the treatment which 
cut short the choreic movements also cut short any accompanying 
carditis. When these facts are borne in mind it is clear that artificial 
pyrexia has a very limited place in the treatment of chorea according 
to the contention of Cheetham. 

Walker,^® Bateman^^ and Hoverson^® are among those who have 
published favorable reports. Walker believed that since the good 
effects of the treatment depend on the fever produced, vaccine treat- 
ment would seem to have distinct advantages over phenyl-ethyl- 
hydantoin for all cases can be made to react immediately without wait- 
ing for a period of days for the toxic symptoms to develop, there are no 
complications, the results are as good or better and the amount neces- 
sary to obtain a satisfactory febrile reaction is under perfect control. 
Bateman said, " Most patients show a marked improvement after two 
or three treatments, and are usually free from choreic movements in a 
week.” As might be expected tire milder cases improve more quickly 
than the severe ones. Patients vith a long liistory of chorea before 
admission to the hospital may be slow in their response to treatment, 
and it should be remembered that in those patients habit movements 
may be superimposed upon those that are essentially of choreic origin. 
At the end of the fever treatments the patients should be kept in bed 
for a few days and are then allowed up for a week before discharge 
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from the hospital. The usual length of time in the hospital is 3 'weeks. 
Tliis compares very favorably ■\nth the 7 weel^ wliich most otlier 
metliods require. Mention may be made of those cases of chorea 
which on admission to the hospital show a cardiac murmur of rheu- 
matic origin. Tliis need not be regarded as a contraindication to 
treatment, unless it is thought tliat tlie circulatory system cannot 
support the effects of a high fever. Walker feels that tlie treatment 
has proved satisfactory. It has considerably shortened the duration 
of the stay in the hospital and it is not accompanied, so far as is known 
at present, bj’’ complications. The patient’s discomfort attendant upon 
tlie treatment is much less than might be expected, and it is probably 
preferable to tlie weeks in bed and the long continuance of choreiform 
movements associated witli the otlier metliods. Hoverson reported a 
series of 6 cases, 4 suffering from tlie Huntington’s tjqie of chorea and 

2 cases of Sj’denham’s chorea that were treated by fever therapy which 
was induced by the intravenous injection of tjqihoid vaccine. In tlie 
cases of Sydenham’s chorea, there was a complete recovery from the 
chorea. Regarding the more chronic chorea, 2 patients showed a 
recoverj", 1 a temiporary improvement, and 1 no change. He felt 
tliat fever therapy is of definite value both for the acute and the chronic 
forms of chorea. 

Montfort,-^ in an attempt to clarify tlie present status of tlie treat- 
ment of chorea, made a comparative stud}’- of 49 patients, 24 of whom 
were treated witli phenyl-ethyl-hydantoin and 25 vdtli tj'phoid-para- 
typhoid vaccine. He found that there were spectacular benefits from 
phenyl-ethyl-hydantoin in some cases, but in the majority of cases the 
average duration of the disease was 24 days; in S cases the condition 
was unimproved ; in 1 case the drug caused a fatality. There is justi- 
fication, tiierefore, for characterizing tliis method as of questionable 
value. The results of treatment with tjqihoid-paratjqihoid vaccine 
showed that this form of therapy ivas not dangerous, but that it pro- 
duced obidous discomforts such as chills and fever during the febrile 
period. However, the duration of treatment with this method was 
shorter by 8 days than that -ndtli phenyl-ethyl-hj-dantoin. There were 
no recurrences of chorea in the patients treated ivitli the tj’phoid- 
paratjqihoid vaccine who were folloived for one year, and it was noted 
that carditis, die most dangerous sequel of chorea, did not occur in those 
treated widi diis preparation during diis period of observation. It is, 
of course, too soon to make any sweeping conclusions as to die advan- 
tages of treatment ■ndth tjqihoid-paratj’phoid vaccine, but it would 
seem that this ought to be the treatment of choice. In jMontfort’s 
series of cases die time requii’ed to arrest the symptoms was from 2 to 

3 days longer dian in the patients in Sutton’s series. Speculating as 
to the factor responsible for the improvement in these cases, one is 
impressed by the chemical changes taking place during die febrile 
period when die tjqihoid-paratjqjhoid vaccine is introduced. There 
was noted a change in the acid-base equilibrium. There was invariably 
a low carbon dioxid content of die blood during the prolonged fever, 
with a low level for chlorids, a moderate raising of the calcium level 
and a lowermg of the phosphorus level. It was observed in 3 eases 
diat the pH of the blood was slightly increased coincidentally with 
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the lowering of the carbon dioxid content. The question arises whether 
this sudden shift in the acid-base is operative in the improvement, or 
whether the improvement is due to the increase in calcium during 
the febrile period. Although there is a lowering of the carbon dioxid 
volume per cent and the chlorid level, there is an increase in pH. The 
bases are not lost, but are bound to the proteins, owing to the increase 
in pH. There is probably a sudden shift to alkalinity. Bischoff, 
Ullman, Hill and Long, discussing hyperthermia, confirmed the hj^joth- 
esis that of all the changes taking place in the chemistry of the body 
following a gradual moderate rise in body temperature, the one of funda- 
mental importance is the loss of CO 2 . This was pointed out pre^'iously 
by others. The data of this series illustrated this point very strikingly. 
The one effect wliich was the same in all of the experiments was the 
rise in the blood pH. Tliis, in connection with other data, showed 
conclusively a lowered carbon dioxid tension of the blood. The other 
changes, which in some instances did not follow, were a result of the 
lowering of the carbon dioxid tension. Thus, the pH of the urine 
remained unchanged or decreased, the calcium was unchanged or 
increased, and the hemoglobin w’as more or less highly oxygenated. 
The change in the total CO 2 content of the blood was readily accounted 
for by tlie shift of the base to the blood protein due to the increase in pH. 
Since the alkali reserve of the blood remained tire same or increased 
slightly, and since the pH of the urine as excreted was not more alkaline 
than the blood there is little reason for belie^^ng that the body was 
attempting to compensate for the lowered carbon dioxid tension by 
lowering tlie alkali reserve. Diminution of the blood pressure was also 
noted during the febrile period. The pulse pressure fell disproportion- 
ately more than the systolic pressure. Of the entire series, 17 patients 
treated witli phenyl-ethyl-hydantoin and typhoid-paratyphoid vaccine 
showed ewdence of carditis on admission; 23 of the entire series had 
had their tonsils removed, and 8 showed roentgenogi-aphic e\’idence of 
sinus and antral involvement. All of the patients treated noth typhoid- 
paratyphoid vaccine gave a positive Widal reaction in all dilutions 
during their stay in the hospital. From tliese observations it may be 
concluded that typhoid-paratyphoid vaccine proved of greater value 
in the treatment of chorea than phenyl-ethyl-hydantoin because of its 
harmlessness, the shorter time required for cure, the probable arrest 
of recurrences, the ease of administration, tlie significant lack of sequelre 
and the occurrence of chemical changes dm’ing the febrile period. 
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An Analysis of the Spectra of Hemoglobin Derivatives.— David L. 
Drabkin (Laboratory of Physiological Chemistry, University of 
Pennsylvania). A study of tlie absorption spectra in both the visible 
and ultra-idolet regions of several hemoglobin derivatives has led to an 
analysis which heretofore has been applied only to tlie absorption spec- 
tra of very simple substances. 

The complex absorption curves may be considered to represent sum- 
mations of a number of indiwdual .bands. All the derivatives studied 
—oxyhemoglobin, carboxyhemoglobin, cyanhemoglobin and two forms 
of methemoglobin — have certain bands in common. The position of the 

pX 10“^ 

peaks of these bands may be expressed by n = — — — -, where n rep- 

60 


resents a simple integer. In the regions of the spectra studied the 
values of n which have been obtained are 3, 4, 5, 6, and 7. These five 
bands therefore belong to a single series, the members of wdiich are at 
equal frequency differences from each otlier. Such bands are probably 
produced by the same influence in the molecule, and are deduced to 
represent the general structure of hemoglobin. 

The so-called a-bands of oxyhemoglobin and carbo.xyhemoglobin 
do not belong to tlie above series and probably represent the union of 
hemoglobin witli a gas. Such an analysis also suggests tliat hemoglobin 
may have absorption in tlie infra-red, where the first two members of 


tlie 


rXIO-2 

60 


series may possibly be demonstrated. 


Observations on the Effects of an Arteriovenous Fistula on the Human 
Circulation. — L. B. Laplace (Laboratory of Physiology, University of 
Pennsylvania). A case is described wliich presented a traumatic 
fistula betiveen the left femoral artery and vein. The fistula had caused 
an enormous cardiac enlargement and advanced congestive failure. 
The cardiac output was decreased 20% on digital compression of the 
fistula and 24% after operation. The change in minute volume de- 
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pended chiefly on slo-nnng of the heart rate rather than on change in 
stroke volume. Slowing of the heart rate on compression of the fistula 
was not directly proportional to the associated elevation of arterial 
pressure, indicating that other factors must be involved in the brady- 
cardiac reaction. Despite the presence of the open fistula the arterial 
blood pressure, although low, was maintained within normal physio- 
logical limits. The skin temperature was elevated in both legs on com- 
pression of the fistula, indicating an increase in capillary- blood flow 
when the leak was blocked. Followdng treatment tlie heart size returned 
to normal indicating that the enlargement was due to dilatation rather 
than hypertrophy. The dilatation appeared to depend, as Lewis and 
Drury believe, on a disproportion between the work of tlie heart and 
the coronary blood flow. Fluoroscopic examination demonstrated a 
prompt diminution in pulmonary blood volume on compression of the 
fistula. The effect of the fistula on respiration, venous pressure, oxygen 
consumption, pulse wave velocity, and the electrocardiogram are also 
described. 


The Effects of Prolonged Exercise on the Weights of the Organs of 
the Albino Rat.— Henry H. Donaldson (The Wistar Institute, 
University of Pennsylvania) . The brain of the captive albino rat weighs 
10 to 12% less than that of the wild Norway, from which it is derived. 
Continued exercise in the drum cage increased the brain weight of the 
albino by about 2%. When this form of exercise was continued for 
seven generations, tlie gain in the last generation was again about 2%. 
This modification is, therefore, not inlierited. 

Starting at 57 and ending at 1S2 days of age, the effect of such exer- 
cise on 14 other organs was determined on 26 males and 26 females. 
Each group ran 500 miles in 125 days. In the females all the organs 
and in the males all except the tlijToid and thymus show increased 
weights. The increases are substantial except for the musculature, 
brain and cord. The final body weights were below tliose of the controls 
despite the fact that the male tests gained 5.9 gm. and the female tests 
3.5 gm. from their heavier organs. The diminished body weights are 
eredited to a loss of fat by the tests. 

lAflien rats are exercised for 90 days and then rested for 125 days, 
the organ weights of the tests are much nearer those of the controls. 
The deviations, therefore, do not persist. Exercise as here used pro- 
duces accelerated growtli; but during 'the subsequent resting period 
the organs of tlie tests grow less rapidly tlian those of the controls. It 
seems probable that a similar type of exercise would produce like 
changes in the organs of man. 


The Effect of Oxygen in the Prevention of the Liver Necrosis Pro- 
duced by Volatile Anesthetics. — S. Goldschmidt, I. S. Ravdin 
and Baldhin Lucre (Laboratories of Physiology, Research Surgery 
and Patliology, University of Pennsylvania). A comparison has been 
made of the relative incidence of liver necrosis in dogs anesthetized 
in a semiclosed system when the anesthetic ivas volatilized with air 
and when it wais volatilized with oxygen. The data show that the use 
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of oxygen eitlier divinyl ether or chloroform is a potent factor in 
the reduction of postanesthetic liver necrosis. 

l^dien di^^nyl ether Avas used as the anesthetic by any method, liver 
necrosis vas not observed with any degree of regularity until the anes- 
thesia was maintained for a 3-hom- period. The incidence of post- 
anesthetic necrosis after 3 hom’S of anesthesia in a semi-closed sj'stem 
was nearly twice as high when the anesthetic was volatilized Awth air 
as vith oxygen. 

Chloroform anesthesia on the other hand resulted in a high incidence 
of liver necrosis in dogs after 1 hoirr of anesthesia. The incidence of 
liver necrosis following 1 hour of chloroform anesthesia in a semi-closed 
system was approximately ten times as great when the anesthetic was 
volatilized with air as with oxygen. 

Liver degeneration has been produced in the dog following 3 hom’S of 
ether anesthesia when the anesthetic was volatilized with less than 
atmospheric pressure of oxygen, i. c., oxygen 15% and nitrogen S5%. 

Data demonstrating the effciencj^ of oxygen during anesthesia will 
be presented and the general implications of our findings will be dis- 
cussed. 


Correction. 

In the article by L. F. Graver in the November, 1934, issue of this journal, on 
“Five-year Survival in Hodgkin's Disease,-” the percentage figure of survival of 
proven cases in the summary (p. 612), should be 12% and not 16.8%. 
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THE CHANGING CAUSE OF DEATH IN DIABETES MELLITUS. 

By John M. Flynn, M.D., 

JUNIOR ASSOCIATE IN MEDICINE, PETER BENT BRIGHAM HOSPITAE, 

BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 

With the discovery of insulin, in 1922, the treatment of diabetes 
mellitus was placed upon a new basis. Fitz and Murphy,^ of the 
Peter Bent Brigham Hospital, anticipating that the clinical picture 
and course, of the disease might be changed to a considerable degree 
by the newer method of treatment, analyzed the records of all the 
cases of diabetes mellitus which had died in that institution between 
the time when it opened, in 1913, and the commencement of the 
insulin era, in 1923. Their conclusions may be summarized as 
follows: 

1. The annual mortality of new cases varied so much from j’ear 
to year as to make conclusions wth regard to the value of treat- 
ment, as it affected the hospital mortality of diabetes during any 
one year, of but little value. 

2. Diabetes became less severe as the age at which symptoms 
were first recognized became greater, although increasing years 
did not necessarily preclude a severe form of the disease. 

3. There were four common causes of death. These were: 
(a) Coma with or vdthout a terminal infection; (6) sepsis; (c) car- 
diovascular renal disease, including gangrene; (d) pulmonary tuber- 
culosis. 

Coma and pulmonary tuberculosis tended to occur more fre- 
quently in the younger patients; cardiovascular renal disease, 
including gangrene, in the older ones, and sepsis in those of any 
age. 


YOL. 189, NO. 2. FEBIlOAnY, 195.7 
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The present paper is YTitten by way of contrast to the earlier 
one, in an effort to determine whether any radical change in the 
clinical manifestations of diabetes has become apparent during the 
last decade since the inttoduction of this new therapeutic agent. 

The Hospital Mortality of Diabetes. The diagnosis, of diabetes 
mellitus was made in 562 cases admitted for the first time from the 
opening of the hospital, in 1913, until the end of 1922, and of these, 
49 died in the hospital. From the beginning of 1923 to the close 
of 1933, 917 cases were admitted for the first time, and of these 
66 died in the hospital. Thus the mortality rate of diabetes among 
new cases has remained nearly constant in spite of insulin, decreasing 
only from 9% during the pre-insulin period to 7% in the period 
during which insulin has been in use. 

Study of the present series of cases confirms the conclusion of 
Fitz and Murphy in regard to the inconstancy of the hospital mor- 
tality of diabetes from year to year. In order to make this clear, 
the number of new cases admitted each year has been tabulated, 
and the number of deaths occurring among them (Table 1). 


Table 1.- 

-The Vabtability op Diabetic 

Mortality 

New cases 



New cases 

dying in 

Mortality per 

Year. 

admitted. 

hospital. 

100 cases. , 

1923 . . . . 

133 

11 

8 

1924 . . . . 

. . . 103 

7 

7 

1925 . . 

91 

2 . 

2 

1926 . . 

84 

8 

10 

1927 . . 

97 

4 

4 

192S . . . . 

74 

6 

8 

1929 . . . 

69 

8 

n 

1930 . . . 

81 

10 

12 

1931 

59 

6 

10 

1932 . . . 

58 

1 

1 

1933 

68 

3 

4 


— 

— 

— 

Total 

917 

66 


Average . 

83 

6 

7 


The annual mortality for the new cases in the last 11 year's has 
varied between 1% and 12%, with an average annual mortality of 
7%. In the pre^dous decade Fitz and Murphy noted a variation 
between 2% and 12% in the mortality rate during the different 
years, but vdth an annual average of 9%. They explained such 
variability by the fact that diabetes may be either a very mild or a 
severe type of disease. Any form of hospital treatment wll appear 
to be accompanied by a low immediate mortality, if a sufficient 
number of mild cases is treated. On the other hand, a small series 
of severe cases will exaggerate the ineAutable mortality which 
accompanies any chronic disease requiring hospital care. With as 
few cases as here reported, the sampling necessarily will be inade- 
quate and fail to level out annual variations. This would be true 
of any disease with varying severity in individual cases, 
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The Duration of Diabetes in Fatal Cases. Of the 66 fatal cases 
in the present series, 48 were able to date the onset of their disease 
with a fair degree of accuracy. Thus the duration of diabetes was 
estimated and the results were arranged according to the age at 
the time of death (Table 2) ; 


Table 2. — The Duration of Diabetes. 


Age at death. 

Total 
number of 
cases. 

Total 
duration of 
diabetic 
life, 
yrs. 

Average 
duration of 
diabetic 
life, 
yrs. 

. 

Shortest 
duration of 
diabetic 
life, 
yra. 

Longest 
duration of 
diabetic 
life, 

>TS. 

61 to so 

17 

97.6 

5.7 

0.3 

20 

51 to 60 

20 

118.0 

5.9 

0.3 

30 

41 to 50 

4 

14.6 

3.6 

0.6 

8 

21 to 40 

6 

16.0 

2.7 

1.0 

6 

Less than 21 . 

1 

1.0 

1.0 

1.0 

1 

Total series .... 

48 

247.2 

5.1 



Series, Fitz and Murphy 

55 

225.0 

4.1 




This table illustrates the well-known fact that diabetes tends to 
become less severe as the age at which symptoms are first recog- 
nized becomes greater. On the other hand, it also illustrates the 
fact that acute diabetes now as formerly may develop in persons 
of almost any age, so that increasing years do not necessarily pre- 
clude a severe form of the disease. The situation as here reported, 
however, differs in two important respects from that of 11 years 
ago. The most striking feature to be observed in a comparison 
of the two groups of cases is that fatalities in the younger age group 
now appear to be much less frequently met with than formerly. 
The previous study showed 21 deaths in persons below their 40th 
year, whereas the present study shows but 7 or,’ in terms of per- 
centage, 38% of the deaths in the earlier series occurred in patients 
below 40, while but 14% of the younger cases in the present series 
have been fatal. This without doubt is due to insulin. 

A second point which seems worthy of mention is that in the 
age group from 61 to 80 the average duration of diabetic life was 
8.1 years in the earlier series and is 5.7 years in the present study. 
The apparent increase in the severity of diabetes in old people is 
of considerable interest. Perhaps the figures are misleading and 
are explainable, in part at least, by the fact that an unusual number 
of elderly patients in the present series entered the hospital with 
complications by necessity ha^dng a high mortality rate. For 
example, in the present elderly group there were 5 cases with 
coronary occlusions, 2 with cancer, 2 with general sepsis and 1 with 
a ruptured aneurysm. All of these complications might reasonably 
have proved fatal even if diabetes mellitus had not been present. 
It is significant, however, that of all the persons in the old age 
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group but 42% bad ever received insulin prior to the hospital 
admission in which they died. One should not forget that the best 
modern treatment of even mild diabetes consists in the use of an 
appropriate diet on which the patients may remain sugar-free and 
in the proper use of insulin. The experience of this hospital suggests 
that insulin should be used more frequently in the mangement of 
elderly diabetics than formerly and that such cases deserve very 
careful super^^sion. 

The Cause of Death in Diabetes Mellitm. Let us tmm to the 
actual causes of death from wliich diabetic patients now are likely 
to succumb. Of the 86 diabetic patients who died in this hospital 
during the last 11 years, the true cause of death was ascertained by 
necropsy in 43. There were 2 cases of coma which showed no 
gross anatomic changes and in which the patients appeared to die 
from what might be called uncomplicated diabetic coma. There 
were 12 cases which, with or vdthout coma, had an ob\nous sepsis 
or terminating acute infection. There were 3 cases of active 
pulmonary tuberculosis. There were 5 cases with unusual compli- 
cations, such as acute nephritis (1 case) and carcinoma (4 cases). 
There were 21 cases vdth cardiovascular disease, including gangrene 
and chronic nephritis. The strikiug differences between the situa- 
tion as it is at present and the situation 11 years ago, as reported 
by Fitz and hliuphy, is best shown in tabular form with the figures 
reduced to a percentage basis: 

Table 3. — The Causes op Death in Diabetes Mellitus as Proved bt Necropst. 



1913-1922, 

1923-1933, 


of deaths. 

% of deatlis. 

Coma 

11 

5 

Sepsis 

3S 

2S 

Cardiovascular disease .... 

24 

49 

Pulmonary tuberculosis 

19 

7 

Unusual complications .... 

S 

11 


At a glance two striking differences are to be seen between the 
fate of the pre-insulin diabetic and the diabetic of today. Deaths 
from coma, sepsis and pulmonary tuberculosis have shown a marked 
decrease, whereas those due to cardiovascular disease and its 
sequelae have shown a marked tendency to rise. Coma, sepsis 
and tuberculosis accounted for about 70% of the deaths in the pre- 
insulin diabetics; they account for less than 40% of the diabetic 
deaths today. On the other hand, cardiovascular disease and its 
complications have increased in incidence to such a degree that 
they now account for approximately half of all diabetic deaths, 
whereas they formerly accounted for but 24%. 

It would seem fair to credit the decrease in the incidence of coma 
and sepsis to the use of insulin. Physiologic studies have shown 
that insulin brings about complete oxidation of bodies of the ketone 
group, and these substances are considered to be the chief cause of 
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diabetic acidosis. By virtue of insulin one may rightfully expect 
uncomplicated coma to disappear from hospital records as a cause 
of death in diabetes save in those rare cases where the patient 
enters the hospital in the moribund state. 

The decrease in sepsis may be explained by contrasting the 
nutritional condition of the diabetic today with that of the diabetic 
of a dozen years ago. At that time submaintenance diets were 
required in the treatment of practically all cases of diabetes. As a 
result of this procedure loss of weight was likely to occur. Today 
we may stabilize the patient’s weight at the optimum by the exhibi- 
tion of a suitable diet and the proper dose of insulin. In normal 
people resistance to infection is certainly enhanced by the possession 
of a body weight in the region of or just above the optimum. There 
seems to be no reason why similar reasoning should not hold in the 
case of diabetics. 

The decrease in the incidence of tuberculosis as a cause of death 
in diabetes which was found in this clinic is not substantiated by 
the exhaustive studies of Root.^ In a study of 2650 fatal cases of 
diabetes he found that pulmonary tuberculosis had increased from 
4.7% of 342 deaths prior to June, 1919, to 6.7% of 1503 deaths 
between August, 1922, and November, 1931. The reasons for this 
increase are still matters of conjecture. 

Cardiovascular disease, including gangrene and chronic nephritis, 
accounted for 24% in the present series. The great increase in 
deaths arising from this source suggests that the present mode 
of treatment has no effect whatsoever upon the development of 
vascular disease in diabetic patients. Many hypotheses ma 5 ’^ be 
invoked in order to explain this. One may say that insulin has 
such a pronounced effect upon coma and sepsis that a large number 
of diabetic patients li^"e long enough to arrive at the age where 
vascular disease usually becomes manifest in non-diabetics. The 
fact that juvenile diabetics are subject to precocious vascular 
changes would seem to suggest that the arteriosclerotic process seen 
in these patients is a manifestation of the diabetes itself, rather than 
part of a separate aging process. Furthermore, the process seems 
to take place regardless of the exhibition of insulin. Future im- 
provement in therapy should be directed toward this phase of the 
disease. 

Comment. In contrasting the diabetic of today with the diabetic 
of a dozen years ago, one is gratified at the changes which have 
taken place. At the time when insulin was first discovered perhaps 
too rnuch was expected as a result of its discovery. In envisaging 
its benefits, it was not realized that insulin would unmask a serious 
defect in diabetic therapy. The marked increase in the mortality 
arising - from cardiovascular complications is probably the most 
outstanding defect in our present form of treatment. Our knowl- 
edge of these cardiovascular complications is by no means complete 
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at the present time. We know the pathology of these vascular 
changes, we know that they originate relatively early in the course 
of the disease, but we do not know their precise cause, and at the 
present time we know of no method by which we may cme them or 
prevent their occurrence. 

Success in the management of any chronic and incurable disease 
is measurable: 

1. By the prolongation of life. 

2. By decreasing the disability due to the disease, and thus 
making life more endiuable for the ones afflicted. 

Judged by these criteria the modern forms of diabetic therapy 
has brought about the following improvements: 

1. The average duration of life following the onset of the disease 
has been prolonged from 4.1 to 5.1 years. 

2. The nutritional level of these patients has been raised, so that 
they no longer need to live in a state of constant discomfort and 
weakness due to semistarvation. 

3. Coma is relatively infrequent, and if it does ensue, the newer 
mode of treatment will probably overcome it. 

4. Sepsis is less frequent than formerly, and when it does super- 
vene, our present method of treatment shows a great improvement 
over that which was formerly employed. 

Conclusions. A study was made of the fatal cases of diabetes 
mellitus which were observed in this clinic from 1923 to the end of 
1933. This was contrasted with the work of Fitz and Murphy, who 
reported the fatal cases observed here prior to the beginning of 1923. 

The present study would appear to justify the following conclu- 
sions: 

1. In both series of cases there were four common causes of death. 
These causes are coma, sepsis, pulmonary tuberculosis and cardio- 
vascular disease, including gangrene and chronic nephritis. 

2. Since the introduction of insulin, coma and sepsis have de- 
creased in frequency; cardiovascular disease has shown an increase 
in frequency; unusual complications have remained practically 
unchanged. 

3. The mortality rate of new cases of diabetes in this clinic has 
decreased from 9% prior to the introduction of insulin to 7% during 
the period of insulin therapy. 

4. The present tendency is for coma and sepsis to be eradicated 
as a cause of diabetic mortality. 

5. Our present mode of treatment appears to have no effect 
upon the form of cardiovascular disease which is seen in diabetic 
patients. 
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In two preceding papers^-^ we have reviewed the increasing inci- 
dence of diabetes and its variations according to sex, locality, socio- 
economic position and other groupings. These variations appear 
to reflect the interaction of two basic types of forces : constitutional 
or intrinsic, and environmental or extrinsic. This is evident both 
from the changing incidence of the disease in the same population 
over a period of time and in the differences exliibited by various 
population groups at a given time. Superficially, there would 
seem to be a distinction between these two types of variations. 
Actually, however, they are almost identical; for the changes in 
environmental conditions which favor a high incidence of diabetes 
are of such a nature as to affect an increasing portion of the popu- 
lation. For the most part, these variations represent real differ- 
ences in the incidence of the disease but, to a certain extent, they 
are only apparent in that they represent differences in the 'known, 
in contrast to the actual, incidence. The purpose of this paper is 
to demonstrate the operation of the forces which cause the observed 
variations, and to distinguish the forces which produce real varia- 
tions from those which produce apparent variations in the disease. 

The data pertinent to the authors’ viewpoint are not altogether 
satisfactory. They are either incomplete or unavailable, and often 
only indirect or inferential evidence can be offered. Indeed, 
assembly of fundamental data on certain of the subjects discussed 
in this paper is urgently needed. It is to be hoped that our admit- 
tedly incomplete discussion will stimulate research which will help 
to clarify those parts which are based on presumptive evidence. 
Until this is done, it is impossible to prove the authors’ viewpoint 
by rigorous scientific methods. For this reason, largely, the authors 
have not used the method of correlation analysis to measure the 
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association betiveen these factors in the changing incidence of the 
disease. Furthermore, the various factors are often not measur- 
able either in their direct or indirect effects, or the weight of any 
single factor is so thinly and widely diffused that such methods of 
computation lead to erroneous or indefinite results. 

Consiihitional Factors. The chief constitutional feature in the 
onset of diabetes is overweight. Tliis is clear whether we analyze 
the weights of known diabetics or take a group of supposedly non- 
diabetic persons and ascertain the subsequent history of various 
groups of them according to their weight. 


T.^^ble 1. — Maximum Weight Prior to Oxset of Diabetes axd Weight at Onset 
or Adult Diabetic Patients (Ages 20 and Over). 

Percentage in Groups Classified by Deidation from Average Weight for Height and 
Age. By Sex. Experience of Elliott P. Joslin, M.D., 1S9S-192S. 


Per cent. 


Weight group. 


Prexious maximum 
weight. 


At onset. 


1 

Males. 

Females. 

Males. 

Females. 

All cases 

100.0 

1 

100.0 

100.0 

100.0 

Ovenveight, total; 

(5% or more above average) 

78.5 

S3. 3 

62. Z 

67.4 

20% or more 

51.0 . 

59.3 

33.8 

41.1 

40% or more 

16.5 

25.8 

8.6 

15.4 

30% to 39% 

13.9 

14.2 

9.5 

11.2 

20% to 29% 

20.6 

19.3 

15.7 

14.5 

5% to 19% 

27.5 

24.0 

28.9 

26.3 

Normal weight Oess than 5% above j 
or below average) .... 

13.6 

10.4 

17.9 

13.6 

Underweight, total; 

(5% or more below average) 

7.9 

i 6.3 

19.4 

19.0 

5% to 19% 

7.1 

0.5 

16.3 

14.9 

20% or more 

O.S 

0.8 

3.1 

4.1 

Number of cases 

2251 

2345 

1613 

1481 


Clinical records show the great frequency of overweight among 
diabetics. The experience of Joslin (Table 1) is typical. The 
weight history of all adult diabetic patients, seen from 1898 to 1928, 
has been analyzed from two points of view: (1) The maximum 
weight prior to onset of the disease, and (2) weight at onset. Among 
4596 patients for whom facts were available, 78.5% of the males 
and 83.3% of the females were overweight (5% or more above 
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average for age) at the time of their maximum weight. The weight 
of onset gave somewhat lower figures. Of the 3094 cases for whom 
these facts were noted, 62.7 % of the males and 67.4% of the females 
were overweight. Moreover, one-lialf of the men and close to 60% 
of the women were at least 20% overweight at their maximum 
weight. Large numbers were extremely fat. No less than 16.5% 
of the men and 25.8% of the women were 40% or more overweight, 
at their maximum. In contrast with these high figures, only 7.9% 
of the men and 6.3% of the women had always been underweight 
(5% or more less than average for age) and less than 1% of the 
whole group had always been 20% or more underweight. 

The importance of obesity in diabetes is also confirmed by 
insurance records, which show that its subsequent development 
among persons accepted for insurance after medical examination 
and loiown not to be diabetic is far more frequent among over- 
weights than among persons of average weight or less. Thus, in 
the Medico-Actuarial Investigation,^ covering the combined mor- 
tality experience of 43 insurance companies, between 1885 and 
1909, on men insured at standard premium rates, 3 broad weight 
groups were distinguished, namely, 50 pounds or more overweight, 
25 pounds or more underweight and "standard” weight, falling 
between these two extremes. Among those insured at ages under 
30, the subsequent diabetes death rate of ovenveights was 15 per 
100,000, compared to 6 among “standard” weights and 7 among 
underweights. Among those between 30 and 45 years when insured, 
the diabetes mortality was 59 per 100,000 for the overweights, 12 
for “ standard ” weights and 5 for underweights. For those 45 years 
or over when insured, the diabetes death rate among overweights 
was 136, compared with 28 for the “standard” group and 6 for 
underweights. In this study, therefore, a large disparity existed 
between the diabetes death rates of overweights and persons of 
average weight or less, and this disparity increased with advancing 
age. In the recent Medical Impairment Study ,■* an investigation 
of the same type as the earlier one but covering the experience of 
39 companies between 1909 and 1928, similar results were obtained. 
The findings of these two studies regarding diabetes and weight 
are summarized in Table 2. 

Furthermore, the toll of diabetes increases with the degree of 
overweight. A study of the experience of the Union Central Life 
Insurance Company^ showed that men who were 5 to 14% above 
average weight had a diabetes mortality only 1| times that of 
normal weights, compared with 3| times for those 15 to 24% 
overweight, and 8| times for those 25% or more overweight. These 
differences were even larger at the ages of 45 and over; those 5 
to 14% overweight suffered a mortality nearly tvdce that of normal 
weights, and those 15 to 24% overfreight, nearly 4 times, while 
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those 25% or more overweight had a mortality over 10 times that 
of average weight men. 


Table 2. — Influence of Weight on Mortality from Diabetes. Death Rates 
Per 100,000 Among Males Accepted for Life Insurance at Standard 
Rates. By Weight and Age Groups at Issue. 


• 

Supplement to medical 
impairment study, 
1909-192S. 

1 

Jledico-actuarial 
mortality investigation, 
1SS5-1909. 


Ages at issue: 

Ages at issue: 


10 to 
29. 

30 to 1 
44. 

1 45 and i 
over. 

15 to 
29. 

30 to 
44. 

45 and 
over. 

Overweight (50 pounds or more above 
average) 

15 

1 

19 

! 

35 

15 

1 

69 

i 

136 

“Standard” (less than 50 pounds above 
or 26 below average) 

4 

i 

s 

25 

6 

12 

2S 

Underweight (25 pounds or more below 
average) 

3 

3 

is' 

7 

5 

6 


All fat people do not, of course, get diabetes. For example, in 
the Medico-Actuarial Investigation,® only 5% of the deaths of men 
50 pounds or more overweight when insured, were due to diabetes. 
Other factors must be involved in the causation of the disease. 
Many have been advanced, such as heredity, infeetions, arterio- 
sclerosis and pluriglandular disturbances. The most significant is 
probably heredity.* Indeed, the factors of obesity and heredity are 
probably closely linked. Obese persons who become diabetic appear, 
for the most part, to be those with an inherited susceptibility to the 
disease, the obesity adting as the exciting factor to produce the 
disease. The importance of heredity is brought out by many 
careful analyses of family histories of diabetic patients, notably the 
studies of Pincus, White and Joslin®-'^ on Joslin’s patients. It is 
also indicated by Tyner’s® study of the weights of 500 patients 
with normal carbohydrate tolerance and 500 with impaired toler- 
ance, but not frankly diabetic. Tyner found that “pre-diabetes” 
was more common in obese persons than among persons of normal 
weight only where there was a family history of diabetes. 

The authors recognize that the relationship between obesity and 
diabetes is as yet not clearly defined. Diabetes has not been pro- 
duced by overfeeding alone, experimentally or otherwise. The 
nearest approach to this has been the work of Allen,® who produced 
symptoms of the disease by fattening partially depancreatized 
dogs. It is possible, and even likely, that the connection between 

* Variations in diabetes incidence may, in part, be due to differences between 
populations in the distribution of the gene involved in the production of diabetes. 
It is not yet possible to estimate for any population how widely distributed this 
gene is. 
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obesity and diabetes is not a causal one and that both reflect some 
underlying imbalance in the functioning of the body, probably of 
endocrine origin. Despite this, however, the association of dia- 
betes with a preceding obesity is so close that conditions favoring 
obesity are undoubtedly related to concomitant variations in the 
ineidence of diabetes. Overfreight as the exeiting factor of the 
disease in susceptible individuals so much overshadows the other 
factors that the present discussion is largely devoted to it and the 
conditions 'favoring it. 

Certain faults in the definition of obesity should also be noted. 
The usual standards, based upon arbitrary percentages above aver- 
age weight, are, at best, approximations. Indeed, they lead to 
definite understatement of the degree and incidence of overweight. 
For, a characteristic of these standard tables is the increase of 
weight with age, a development which is neither inevitable nor 
physiologically sound. From the standpoint of mortality, the best 
weights— those which give the lowest mortality in adult life— are 
appreciably below the average.^®-*^ They tend to correspond to 
the average weights of the late twenties or early thirties. If mor- 
tality is the best guide to what constitutes normal weight, our 
current standards are all too liberal. Another and possibly more 
fundamental objection is that these average weights leave out of 
consideration differences in bodily proportions, and the relative 
weights of the skeletal structure, muscle and fat. It may very 
well -be that entirely different measures of obesity are needed. 
Suggestive in relation both to obesity and diabetes is the fact that 
the proportion of fatty tissue to total body weight is normally 
greater in women than in men throughout adult life. Significant 
differences also exist between persons of the same general build, 
but differing in musculature. 

Environmental Factors and Their Relationship to Constitutional 
Factors. Most overweight results from overnutrition.^- Even if, 
as previously suggested, a glandular disturbance is sometimes in- 
volved in obesity, it does not operate in the absence of overfeeding, 
absolute or relative. ^^Tlatever increases the chances of becoming 
overweight, therefore, will tend to bring about a real increase in 
the incidence of diabetes in susceptible overweights. Consequently, 
whenever and wherever conditions of life are easy, food abundant 
and relatively cheap over long periods, and when large numbers of 
individuals become accustomed to partake of food in excess of their 
requirements for the expenditure of energy, the frequent develop- 
ment of overweight and of diabetes is favored. These factors are 
also believed to underlie the differences in diabetes incidence in 
climatic areas demonstrated by Mills.^® 

Three broad groups of phenomena are involved in tliis theory, 
namely, mass variations in per capita energy requirements, food 
consumption and variations in the incidence of overweight. Data 
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only on the first of these are abundant and are presented in detail. 
In the case of the others, primary data are not available and we are 
forced to depend upon indirect evidence. For information on food 
consumption, we make use of certain indices, admittedly imperfect, 
such as income and purchasing power, -because the facts on food 
consumption in the necessary detail do not exist. Moreover, 
because dietary habits have changed a great deal everyvdiere it is 
difficult even to determine whether food consumption on a caloric 
basis has really changed. In the United States it has' apparently 
declined,^"* but not to a degree commensurate with the fall in -per 
capita energy requirements. Facts on group variations in the 
frequency of overweight or on the increase in its incidence are also 
lacking. Because of the close association between diabetes and 
overweight, however, variations in the incidence of diabetes are 
presumed to correspond with variations in the incidence of obesity. 
For example, as we shall show in a later paper, Jewish diabetics 
are as frequently overweight as other patients. This indicates that 
the greater incidence of the disease in Jews must reflect a greater 
frequency of obesity. Probable evidence of increasing frequency 
of overweight is also indirect. It may only be inferred from insur- 
ance data on build, which show that there has been no decline in 
average weights among persons accepted for “Ordinary”* insur- 
ance,^^ although this type of insurance has been extended in large 
volume since 1919 to the working classes, among whom overweight 
is presumably less frequent than in the better situated classes. 

The Significance op Conditions Favoeing Oveeweight. 
(a) Occupation and Social Status. Our preceding paper^ showed 
that rural death rates from diabetes are lower than urban 
rates. In rural communities, hard manual work is usual, particu- 
larly among farm laborers. The Analysis of English occupational 
mortality, largely confirmed by recent American data,!*^ showed 
that the incidence of diabetes among workers of this type was 
among the lowest recorded. Farmers and their families, however, 
who, on the average, do less work and are generally better fed and 
circumstanced, had a diabetes rate more than twice that of their 
laborers. In similar fashion, those engaged in coal mining, another 
type of work frequently involving hard manual labor and concen- 
trated in rural districts, also had a very low mortality from diabetes. 
The high diabetes rates in cities, therefore, may be ascribed, in 
part, to the lighter work done by relatively large numbers of the 
urban population. Thus, our study of occupations showed high 
rates for persons engaged in professional callings and in clerical 
and mercantile pursuits, which usually require' httle aetual labor. 
Yet, in these same urban areas, low rates are found among those 
doing hard manual work, for example, among laborers of all kinds. 

* Insurance -written in amounts of §1000 or more on an annual, semiannual, or 
quarterly basis. 
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Diabetes mortality of artisans, whose work usually requires a 
moderate amount of physical activity, is midway between that of 
the professional and laboring groups. Similarly, the differences in 
diabetes mortality between the various social classes, disclosed in 
.our preceding paper reflect, to a great extent, merely the varying 
'proportions of persons engaged in light and heavy work. 

The high diabetes death rate among Jews may, in part, be due 
to the same causes. They have been for several generations an 
urban people. For a long time they were restricted to certain 
occupations and were not permitted to own land or till the soil. 
Relatively large numbers were engaged in the professions and in 
business. Despite the removal of earlier restrictions, succeeding 
generations have naturally followed the same sedentary occupations. 

(&) Regional Variations in Earnings. As we have seen, the 
United States has the highest diabetes death rate in the world. 
Relatively high rates prevail in most of the British colonies. In 
Europe the rates in the northern countries are higher than those 
in the south and east, which means that they are higher among the 
Germanic groups than among the Latins and the Slavs. It is 
precisely in countries where diabetes is most frequent that the 
level of per capita income is high, and it is reasonable to assume 
that the level of nutrition corresponds with per capita income. 
The facts on comparative “real” earnings in the large cities (usu- 
ally the capitals) of several countries, which are given in Table 3, 
are taken from the most careful study of the kind, made by the 
International Labour Office of the League of Nations.^^ Inter- 
national comparisons of this type are not altogether satisfactory 
because suitable standards are hard to devise, but the study quoted 
offers the most comparable data available. 

It will be seen at once that the standards of living are reflected 
in the differences in diabetes mortality. Yet certain limitations 
of the data must be recognized. The groups considered were skilled 
and unskilled workmen in a few trades in which organization is 
often best and bargaining power highest. • The proportion of 
unorganized semisldlled workmen and of industrial laborers was 
low. No consideration was given to agricultural laborers who, in 
many countries, constitute the largest group in the working popu- 
lation. The important mercantile and clerical groups were likewise 
excluded. To offset these deficiencies, however, it should be noted 
that the earnings of industrial, mercantile, clerical and agricultural 
groups stand roughly in the same relation to each other in all 
countries. 

In the United States, also, regional variations in diabetes death 
rates tend to correspond with variations in income. Jordan,!^ 
taking the percentage of those filing income tax reports in the 
various states as an index of economic well-being, found that those 
states where the percentage was high usually had above average 
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rates from diabetes. Per capita realized income^® in the several 
seetions of this country also tends to correspond with the level 
of the diabetes death rates in the same areas. Table 4 shows that 
the diabetes rates are highest in the Middle Atlantic and New 
England states, where incomes are appreciably above the average, 
and lowest in the South, where the average income is low. The 
figures for the Mountain and Pacific regions are out of line. The 
income figures relate to the j^ear 1919, but index figures for 1926, 
with 1919 taken as a base, show no material change in regional 
differences in income.®® 


Table 3. — Stanbahd or Lwing op AVorkers in Various Countries. 

Number of Baskets of Prolusions* * * § Purchaseable with Wages as of October 1, 1926, 
based on the Average V^age for a4S-hour Week in Certain Industries, as Fixed by 
Collective Agreement. Base: London = 100. 


Index numbers of purchasing power of wages. 



Several industries 

Machinery 

Printing 
industry — 
hand 

compositors 
(no adjustment 
for rent). 

City. 

combined.! 

manufacture — 
expert mechan- 


No 

adjustment 

AVith 

adjustment 

ics and 
mncliinists 
(no adjustment 


for rent. 

for rent. 

for rent). 

Philadelphia 

183 

183 

179= 

125= 

Ottawa .... 

159 

157 

191 

153 

Sydney 

137 

137 

163 

109 

Copenhagen 

125 

125 

142‘ 

97= 

London 

100 

100 

100 

100 

Amsterdam .... 

96 

96 

112 

84 

Stockholm .... 

92 

90 


73 

Oslo 

80 

82 

112= 

90= 

Berlin 

09 

63 

84< 

56 

Paris 

60= 

6U 

60 

48 

Madrid 

56’ 


70= 

56= 

Warsaw! .... 

55 

56 

' 45 

87 

Prague 

50 

53 

62 

. . 

Rome! .... 

46 

48 

55 

40 

Vienna 

44 

50 

51 

40 

Brussels 

44 

47 

: 

59= 

52= 


* Separate indices were prepared based upon a series of typical food budgets for 
each of the following countries or groups of countries: Belgium and France, central 
European countries. Great Britain, southern European countries, Scandinavian 
countries. United States and British colonies. The figures presented are the averages 
of these separate indices. 

t (a) Building trades: masons and laborers; (6) machinery manufacture: expert 
machinists and mechanics and laborers; (c) furniture manufacture: cabinet makers 
and laborers: (d) printing and bookbinding: hand and machine compositors and 
laborers. 

t Wages are far higher than in other towns of Poland, particularly for the groups 
of workers studied. 

§ Figures are relatively low' because comparisons do not make adeqtiate allowance 
for the high vegetable consumption in southern European countries. 

' Januarj- 1, 1926; ’ April 1, 1926; s July 1, 1926; * October 1, 1924. 
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Table 4. — Regional Variations in Income and Diabetes Mortality per 100,000 

IN THE United States. 

Per Capita Realized Income,. 1919; Index of Income in 1926 (1919 = 100) and 
Standardized Death Rates from Diabetes, 1929-1931, Nine Census Regions. 



Income. 

Diabetes 
dcatii rates. 

Region. 

Per capita, 

1926 index 


1919. 

(1919 = 100). 


United States 

8614 


17.1 

New England 

715 

114 

17.9 

Middle Atlantic 

781 

133 

22.3 

East North Central .... 

669 

121 

17.8 

West North Central 

582 

93 

16.3* 

South Atlantic 

445 

106 

14.1 

East South Central 

345 

107 

11.4 

West South Central 

469 

95 

10 8t 

Mountain ... ... 

' 634 

92 

13.0 

Pacific 

' 793 

t 

120 

14.2 


* Excludes South Dakota, 
t Excludes Texas. 


Table 5. — Regional Variations in Earnings op Factory Workers and Com- 
mon Laborers and Diabetes Death Rates in the United States. 

Estimated Annual Full Time and Actual Earnings of Factory Workers in 1923; 
Hourly Wage Rates of Common Laborers, January 1, 1928; and Total and 
Urban Diabetes Death Rates Per 100,000, 1928-1929. 


Region 

Factory workers, 
annual earnings. 

Common 

laborers, 

hourly 

wage 

rates. 

Diabetes 
death rates. 

Full-time. 

Estimated 

actual. 



Total. 

Urban, 

United States .... 

81,545 

81,317 

80.43 

18.9 

24.4 

New England 

1,396 

1,181 

0.47 

23.8 

24.8 

Middle Atlantic 

1,774 

1,501 

0.49 

24.5 

27.4 

East JNorth Central 

1,798 

1,521 

0.47 

21.4 

23.2 

West North Central 

1,511 

1,278 

0.41 

20 1* 

25.4* 

South Atlantic 

1,091 

962 

0.29 

12.7 

91 9 

East South Central 

1,111 

980 

0.27 

10.6 

21.1 

West South Central 

1,152 

1,016 

0.31 

9.6t 

19. 2t 

Mountain .... 

i,661 

1,556 

0.44 

13.8 

21.6 

Pacific 

1,717 

1,609 

0.47 

18.4 

21.6 


* Excludes South Dakota, 
t Excludes Texas. 


Similar regional relationships exist between the incomes of wage 
workers and diabetes rates. Table 5, which gives data on earnings 
of factory workers^^ and common laborers^^ in the 9 census areas, 
shows practically the same order as the preceding table. The 
averages given for factory workers relate to hypothetical full-time 
and actual earnings in 1923. The figures for the Mountain and 
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Pacific Coast states are much out of line with the diabetes death 
rates also shown in the table; but in both these areas^ relatively 
few persons are engaged in factory work^ and, moreover, in the 
Mountain states the average age of the population is low. The 
hourly wage rates of common laborers, as of January 1, 1928, show 
the same regional characteristics as factory wages, namely, rela- 
tively high rates in the Northeast and Pacific Coast states, average 
rates in the hliddle West and low rates in the South. These re- 
gional death rates are crude rates. Consequently no allowance is 
made for differences in the proportion of older persons in the several 
regions. Unfortunately, necessary data are lacking to correct for 
this factor both in this and succeeding comparisons. 

In agricultural regions, also, general agreement between diabetes 
incidence and income is found in the several parts of the United 
States. For this comparison, we are limited to rather old material, 
namely, Leven’s estimate of per capita farm earnings in 1919-192U^ 
(Table 6). Estimates of per capita income and income per farm 
family are given and, for comparison, diabetes death rates for rural 
areas are included. Again, high per capita income and high diabetes 
death rates appear to go together. To complete the picture, the 
earnings of agricultural laborers^^ (Table 6) also vary in the same 
way as the diabetes rates. These facts relate to prevailing rates 
of farm wages as of October 1, 1930. Later data are available, 
but are not used because the figures are abnormally low, although 
regional relationships are maintained. 


Table 6. — Regional Variations in Per Capita Farm Income and Wage Rates 
AND IN Rural Diabetes Death Rates in the United States. 

Per Capita Current Income (Excluding Value of Rent) of Farm Population and 
Income Per Farmer and Family, 1919-1921; Monthly and Daily Wage Rates for 
Farm Laborers, October 1, 1930, and Rural Death Rates Per 100,000 from Dia- 
betes, 1928-1929. 



Income. 

Wage rates.* 







Rural 

Geographic division. 

Per capita 




diabetes 

death 


farm 

Per .farmer 

Monthly. 

Daily. 

rates. 


population. 

(and family). 


Continental United States . 

S282 

81,158 

844.28 

82.12 

14.3 

New England .... 

437 

1,355 


64.65 

3.27 


[21.5 

Middle Atlantic 

473 

1,626 


< 

1 19.2 

East North Central 

337 

1,289 


50.14 

2.60 


19.3 

West North Central 

296 

1,074 



17. 6t 

South Atlantic .... 

195 

987 

31.65 

1.46 


9.6 

East South Central 

159 

7401 


31.23 

1.40 


8.2 

AVcst South Central 

242 

1.104 



7.2t 

Mountain 

446 

1,653 


73.97 

3.14 


111.0 

Pacific 

74S 

2,451 



,14.7 


* Without Board. Wages mth board vary in same proportions, 
t Excludes South Dakota. % Excludes Te.xas. 
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(c) Extent of Industrialization and Urbanization. The differences 
in the level of diabetes incidence in the various parts of the world, 
as well as within individual countries, also reflect the extent to 
which the inhabitants depend upon purely industrial, mercantile 
and professional pursuits, as opposed to farming and other activities 
requiring much physical labor. This phase of the problem is 
closely connected with the extent of urbanization, and it is impos- 
sible to disentangle the influence of each. Industrial and mercantile 
nations, which tend to be those having a large percentage of their 
populations in urban areas, usually show high per capita incomes 
and high diabetes rates. The factors of industrialization and high 
earnings really reinforce each other. Despite their lower per capita 
food requirements, workers in industrial and mercantile countries 
are able to buy as much food as those in countries where the greater 


Table 7. — Regional Variations in Occupation,* in the Percentage op the 
Population Living in URBANf Areas, and in the Diabetes Death Rate. 


Country. 

Per cent in 

Agriculture 

and 

forestry. 

specified occ 

Manufac- 

turing 

and 

landicrafts. 

apation groups. 

Trade, trans- 
portation, 
communication 
and personal 
service. 

Per cent 
urban 

P9PU- 
lation. t 

Diabetes 
death rate 
per 

100,000. § 

United States (1930) 

22.0 

28 9 

30.5 

56 2 

19 4 

New England . 

6.8 

43.1 

30.2 

77.3 

24.4 

Middle Atlantic . 

5.4 

36.3 

34.0 

77.7 

26.5 

East North Central 

14.7 

35.7 

30.7 

66.4 

21.4 

West North Central 

.13.8 

19.9 

29.9 

41.8 

20.6 

. South Atlantic 

33.4 

24.2 

27.6 

30.1 

13.5 

East South Central 

48.3 

16.9 

23.1 

28.1 

11.0 

West South Central 

41.1 

16.9 

28.3 

36.4 

9.7 

Mountain .... 

31.7 

18.3 

29.1 

39.4 

13.3 

Pacific . 

16.3 

26.1 

35.8 

67.5 

18.6 

Canada (1931) . . , 

31.1 

28.5 

25.7 

53.7 

12.8 

England (1921) . 

6.8 

39.7 

32.7 

80.3 

16.2 

Belgium (1920) 

19.1 

39.9 

23.3 

60.5 

15.9 

HoUand (1930) . . 

20.6 

37.2 

30.9 

78.8 

17.0 

Norway (1930) 

35.3 

25 9 

32.1 

28.5 

11.0 

Sweden (1920) 

40.7 

30.2 

21.3 

32.5 

13.8 

Denmark (1921) 

.34.8 

27.0 

30.0 

43.9 

17.9 

Czechoslovakia (1930) 

28.3 

40.4 

19.3 

47.8 

9.3 

Italy (1931) .... 

46 3 

30.4 

16.0 

42.5 

8.2 

Australia (1921) . 

22 9 

31.2 

33.3 

63.8 

15.3 

New Zealand (1926) 

24 2 

24.3 

33.9 

51.6 

15 7 


* In most countries, persons engaged in clerical work are assigned to the branch 
of industry to which they are attached. In the United States they are tabulated 
separately. In 1930 they accounted for 8.2% of gainfully employed persons. 

t The definition of urban population differs from place to place. Usually it 
includes the population of incorporated cities and towns with a limit of 2000 or 
upwards. In Czechoslovakia, figures relate to communes of 2000 or over; and in 
Belgium and Holland, to communes of 5000 and over. 

t Calculated for the same years ns the occupational data, e.xcept Australia, 1933; 
England, 1931; Belgium, Sweden and Denmark, 1930; Italy, 1921. 

§ 1932, e.vcept Belgium and Sweden, 1931; Italy, 1930; United States, 1929-1931. 



174 JOSLIN, DUBLIN, JIARKS: STUDIES IN DIABETES JIELLITUS 

number of inhabitants depend upon more arduous occupations for 
their livelihood. Consequently, one should expect a greater fre- 
quency of overweight and, therefore, of diabetes, in industrialized 
and urbanized communities. These tendencies are indicated in 
Table 7, which shows national differences and, for the United 
States, regional differences in diabetes mortality, in the proportion 
of persons in agricultural and two broad non-agricultural groups,^^'^® 
and in the proportion of the population living in urban areas.*^-^® 
The reader is cautioned, however, that there are certain differences 
in the classification, both of occupational groups and of urban 
populations; and on that account the figures given are general rather 
than absolute guides. 

Evidences in Diabetes Trends of Conditions Favoring OvenveigU. 
The same forces which make for real differences in diabetes mortality 
between various countries and between areas within them are 
largely responsible for the upward trend of diabetes incidence and 
mortality. Most important of these are mechanization and the 
rising standards of living, which have been responsible for many 
profound changes in the structure of the modern world. These 
two not unrelated forces have acted in quite different ways to 
increase the incidence of diabetes by disturbing the metabolic 
equilibrium of large numbers of persons. 


Table 8. — Occupational Shifts in the United States, 1870-1930. 

Per Cent of Gainfully Occupied Persons in Certain Broad Occupational Groups 
and in Certain Specific Occupations. 


Occupation group. 

1870. 

1000. 

1930. 

Total 

i 100.0 

100.0 

100.0 

Agriculture and allied occupations 

1 52.8 

35.9 

21.3 

IMining 

1.5 

2.1 

2.0 

Manufacturing and mechanical industries . 

I 22.0 

27.5 

28.6 

Trade and transportation .... 

' 9.1 

16.3 

20.7 

Total trade 


9.6* 

12.7 

Sales people and clerks in stores 

i 0.9t 

3.0t 

4.9 

Clerical service 

; 1.7 

2.8 

8.2 

Domestic and personal sendee .... 

, 9.6 

10.0 

11.3 

Launderers, outside home 


0.4* 

0.5 

Barbers and manicurists 

, 6.2 

0.5 

0.8 

Public servdee not elsewhere classified 

, 0.6 

1.0 

, 1.4 

Professional service .... . . 

1 2.7 

4.4 

6.5 


* 1910. t Estimated. 


(c) Occupational Changes. The first important result of mech- 
anization has been a flow of workers from more arduous occupations 
into jobs requiring less expenditure of energy. For the United 
States this is clearly brought out in Table S, which shows the per 
cent distribution in 1870, 1900 and 1930 of gainfully occupied per- 
sons, 16 years of age and over, in certain broad occupatiohal classi- 
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fications and for a few specific tj'pes of work.^® In the interval 
of 60 years, between 1870 and 1930, the number of persons engaged 
in agricultural and allied occupations dropped from 52.8 to 21.3% 
of all occupied persons. Large absolute gains have been made in 

Table 9. — Changes in Peoportions op Workers Engaged in Agriculture, 
Industry and Trade in Several Countries. 


Per cent. 



Agriculture. 

Manufacturing and 
mechanical trades. 

Trade. 

Australia; 




1921 

22.9 

31.2 

15.3 

1911 ... , , 

24.2 

28. 4 

14.5 

1901 

t 

26.1 

13.6 

Canada;* 




1931 

31.2 

• ■ • 

12.2 

1921 

35.0 

26.5 

11.8 

1901 

England and AVales:* 

42.6 

28.0 

9.0 

1921 

6.8 

39.7 

13.9 

1911 

7.7 

38.7 

13.4 

Great Britain; 




1911 

8.5 

18. 4t 

, , , 

1901 

8.9 

17. 8t 


Belgium : 



1920 

19.1 

39.9 

10.7 

1910 

22.5 

40.4 

11.9 

Denmark' 




1921 

34.8 

27.0 

10.8 

1911 

41.7 

24.2 

10.4 

Prance:* 




1926 

38.3 

31.2 

11.5 

1921 

41.5 

28.4 

10.4 

1906 

42.7 

28.8 

9.7 

Germany: 




1925 

30.5 

41.4 

16.5 

1907 

34.0 

39.1 

13.9 

1895 ... .... 

36.4 

37.7 

10.9 

Netherlands: 




1930 

20.6 

37.2 

14.0 

1920 

23.6 

36.1 

11.7 

1909 

28.4 

34.2 

10.8 

Norway; 




1930 

35.3 

26.5 

12.5 

1920 

30.8 

27.4 

11.1 

1910 

Sweden:* 

39.5 

25.1 

S.8 

1920 

40.7 

30 2 

8.4 

1910 

46.3 

25.1 

5.4 

Switzerland: 




1930 

21.3 

44.6 

14.0 

1920 

26.6 

44.7 

11.7 

1900 

32.2 

40.1 

9.3 


* Includes all persons connected with each branch of industry. In all other cases 
the classification is according to occupation. 

t Primary producers (farmers and their laborers, cattlemen, miners, etc.) 1900, 
32.0%; 1911, 30.4%; 1921, 25.8%. 
t Selected manufactures. 
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the percentage employed in factories, but by far the greatest gains, 
absolutely and relatively, are recorded for trade and transportation, 
clerical work, professional and semiprofessional occupations and 
public employment. In the trade and transportation groups, much 
the largest gain has been made by the trade group. The number 
of persons engaged in domestic and personal service, as a whole, 
has shown a very slight upward trend, but the increase seems to be 
concentrated in personal service, especially among such workers as 
waiters and other restaurant employees, barbers, hairdressers, 
manicurists and launderers working outside the home. 

Similar occupational changes are noted in most other countries.-” 
Since the World War, these changes have been accelerated by the 
policies of economic nationalism, especially in the European coun- 
tries set up after the conflict. The extent of this is not fully demon- 
strable because of the lack of sufficiently detailed or up-to-date 
statistics and because of boundary changes. Despite these diffi- 
culties, the world-wide trend from agricultural to manufacturing 
pursuits, clerical and professional work and certain types of personal 
service is evident in Table 9. 

(&) Increased Use of Poioer. Coincident with this change in the 
occupational pattern, there has been a drastic reduction in the 
amount of human labor through the use of power-driven machinery. 
The extent of the change in the United States is shown by compar- 
ing the changes in the number of wage earners engaged in manu- 
facturing and in the rated horsepower capacity of plant equip- 
ment.2° The increase in power-driven equipment has far outstripped 
that in the number of wage earners. In the 30-year period, 1S99 
to 1929, the number of wage earners increased only SS%, compared 
with an increase of 331% in power equipment capacity. In the 
decade between 1919 and 1929, despite a slight decrease in the 
number of wage earners, the power capacity increased nearly 50%. 
The horsepower per worker rose from 2.1 in 1899 to 3.3 in 1919 and 
4.9 in 1929. 

This development is not limited to the manufacturing industries 
alone. There has likewise been a rapid expansion of the use of 
machines driven by mechanical power in other ty^ies of work, in 
mining, in officework, on the farm and even in the home. Exempli- 
fying the change in the farm picture is the enormous growth in the 
use of tractors in this country from only 80,000 in 1918 to 447,000 
in 1923 and 853,000 in 1929, the last year for which the figures 
are available.^^ Thus, in the short period of 11 years the number 
of tractors in use increased over lO^ times, while the number of 
farmers and their laborers changed little. 

The increase in labor-saving de\dces in the home is indicated by 
the rapid increase in the domestic consumption of electricity.®--^’ 
In 1913, the first year for which figures are available on a national 
scale, the domestic consumption of electricity was 1,025 million' 
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kw. hrs. By 1923, the consumption had increased to 4,300 millions; 
in the succeeding 9 years, to 11,987 millions. In the 19 years, 
between 1913 Rnd 1932, domestic consumption of electricity in- 
creased elevenfold, while the population rose about 30%. Much of 
this increase in domestic electrical consumption is, of course, 
accounted for by home lighting, but no small part of it is attribut- 
able to use of domestic labor-saving devices, which have increased 
steadily in recent years.^ In connection with the reduction in 
domestic labor, mention should be made of the increased use of 
gas and electricity for cooking purposes in place of the old-fashioned 
coal stove, and also of oil and gas for domestic heating in place of 
coal furnaces. 

The replacement of human labor by power-driven machinery is_ 
a characteristic development of our times. It is found in every 
country. Its extent varies from place to place, although it is 
difficult, if not impossible, to measure these differences. A suffi- 
cient indication is the increase in the output of eleetrical power in 
several countries between 1925 and 1931 (Table 10).®^ 

Table 10.— Incheasb in Output of Electric Power in Principal Countries 
OF THF. World, 1925 to 1931. 


Output of electric current* 
(millions of kilowatt-hours). 


Country. 



1925. 

j 19.31. 

United States 

73,791 

91,700 

Canada .... 

10,480 

1 16,383 

Belgium .... 

3,214 

3,851t 

Denmark 

223 

' 501 J 

France 

9,700 

13,974 

Germany ... ... 

11,521 

1 25,260 

Italy 

7,C00 

10,603 

Netherlands 

896 

' 1,878 

Norn'ay .... .... 

4,200 

i 10,600i 

Poland .... 

1,300 

2,865§ 

Siveden 

3,500 

4,982t 

Switzerland . . 

4,190 

5.707t 

United TUngdom 

8,320 

11,401 

Japan 

0,400 

13,780§ 


* In moat cases figures cover central stations only, not isolated plants, 
t Estimated. J 1929. § 1930. 


(c) Increase in “Real” Incomes. The development of modern 
machine industry has brought about a large increase in the produc- 
tivity of the workers. In the United States,^® if 1899 is taken as a 
base, the index for physical volume of production in 1929 was 310 
for manufactures, 338 for transportation (railroad ton miles) and 
386 for mining, whereas the index of population was only 162. 
Agriculture failed slightly to keep pace, its index of production 
reaching 148, but this is partly- offset by a decline in the exportable 
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surplus. The result of this greater productivity has been an 
increase in the “real” incomes of the masses, both in this country 
and abroad. This has, of course, not been an. uninterrupted 
development. The length and severity of the depression, which 
began in 1929, have in some quarters aroused the fear that there is 
to be an extended recession in liAung standards of the masses. It 
is probably a saner judgment, however, that this depression, like 
earlier ones, will prove no more than a temporary and cyclical one 
and that the upward trend in industrial production and the conse- 
quent improvement in living standards will be resumed. A definite 
increase in the “real” incomes over and above changes in price 
levels took place during the two decades preceding 1928. This is 
brought out clearly' in Table 11, Avhich gives Douglas’ indices of 
real earnings of persons in all tjqies of work and in the principal 
industrial groups”-^® and Brissenden’s indices of earnings for all 
factory workers.^® To eliminate cyclical variations, 3-year averages 
are used. It will be noted that the increase in “real” incomes 
has not been concentrated in favored groups, but extends to every 
branch of activity. Although the increase varies from one industry 
to another, it is distinct in each of them. 

Table 11.— Tbend of Real Earnings in the United States, 1899 to 1928. 

Index Numbers of Annual Earnings, Adjusted for Changes in Price Levels, of All 
Workers and Workers in Certain Manufacturing and Other Industries. (Esti- 
mates by Douglas except as noted.) 1914 = 100. • 






Manufacturing industries. 




Coal mining. | 

Clerical work. 

Period. 

All workers. 

All factory workers* 
(Brissenden). 

All factory worker®. 

Food. 

Textile. 

Clothing. 

Iron and steel. 

Lumber, 

Paper and printing. 

Land vehicles. 

Public utilities. 

1899-1901 . . 

93 

104 

100 

loir 

102 

101 1 

100 

99 

97 

so 

96 


106 

1904-1906 . . 

96 

109 

101 

100§’ 

99 

104 1 

99 

103 

98 

89 

93 

111 

104 

1909-1911 . . 

98 

105 

101 

102 1 

99 

104 I 

99 

90 

97 

97 

95 

108 

102 

1914-1916 . 

103 

111 

102 

102 1 

104 

104 1 

102 

102 

101 

107 

102 

111 

101 

1919-1921 . . 

109 

116 

114 

111 

119 

116 1 

114 

106 

106 

110 

109 

121 

88 

1924-1926 . . 

124 

141 

128 

124 

129 

129 ! 

12S 

118 

135 

120 

117 

133 

101 

1928 . . . 

132 

140t 


128 

131 

135 1 

, 

134 

123 

144 

138 

122 

133 

114 


• With allowance for unemployment and overtime. t 1927. X 1899. § 1901. 


Similar changes in incomes and presumably in standards of living 
are noted in other countries as well. The most adequate study of 
this type was made by the International Labour Office of the League 
of Nations,"*” but unfortunately closes in 1925, when some countries 
had not yet recovered from the effects of post-war inflation of cur- 
rencies or other financial or economic difficulties. Examination of 
Table 12, which gives a comparison of “real” wages in 1913-1914 
and 1925 for workers in several countries reveals a distinct improve- 



JOSLIN, DUBLIN, MARKS: STUDIES IN DIABETES MELLITUS 179 

ment in workers’ earnings in most of them. Countries in which 
there was little or no depreciation of currency have been segregated 
from the rest. In general, the improvement in incomes has been 
greater in them than in other countries. It is most significant, 
too, that in general the position of the poorer paid workers, the 
unskilled, has shown greater improvement than that of skilled 
workers. Prior to 1914, also, it is believed, “real” incomes of 
workers were improving in most countries. 

Table 12.— Real Wages in Various Countries in 1925 Compared With Pre-war 

Wages. 


Index Numbers of Real Wages for Two Groups of Countries; Those With Little or 
No Post-war Depreciation of Currency (Group A) and Those With Large Depre- 
ciation of Currency (Group B). (1913-1914 = 100.) 


Country. 

Metal and 
engineering 
trades. 

Building 

trades. 

■ 

Printing 

trades. 

Textile 

trades. 

Mining. 

Skilled. 

Unskilled. 

Skilled. 

(carpenters). 

Unskilled. 

Skilled 

(compositors). 

c 

& 

Skilled. 

Unskilled. 

Skilled, 

Unskilled. 

Group A; 










United States . 

116'* 

113« 

116' 

120'* 


135'.'* 




Canada^ 

120* i 

116 


131’ 




132 


Australia . 

117* 

109* 


116* 




109* 


New Zealand' 

90 . 

93 

90 



104 




Great Britain 

84 102 

105" 

119' 

o 

CM 


US'* 


89* 


Switzerland- 

127 

120* 

121' 






c3 

Netherlands 




135’ 


122= 


105 

’c3 

Sweden 

120'* 

125 

139 

130'* 


103* 



g 

Norway' 

111* ) 

95 

97 






c3 

Denmark . 

129 ' 125 

124 

143 

107 

114 

131 



c5 

Group B; 









O 

France . 

109' 

123'." 

126'.' 

126'.' 


131'* 


101* 


Germany 

86 ' 91 

94 

101 

86 

91 

83 

81 

94 


Austria 

108 1 120 

150 

164 

103’ 


98 




Poland 

69' 83' 

S9<.' 

144'.' 

181 


66' 




Czechoslovakia 

87 ! 81 

86' 

87' 

99 







1 1924. ^ 1923. ’ New York. ■* Capital city, 

s Lodz. 5 Bricklayers. Total. ® Average cotton and wool workers. 

* Skilled and unskilled combined. 


To a certain extent the movement of “real” wages understates 
the improvement in living standards. In the first place, the size 
of workingmen’s families has fallen as fast as in other sections of 
the population, and, consequently, there are, on the average, fewer 
persons to provide for with the wages earned. In the second 
place, average wages do not completely reveal the family income. 
The more frequent employment of women in industry, especially 
of married women, has increased family earnings to a far greater 
extent than the changes in per capita earnings would indicate. 
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There are, moreover, important additions to “real” income through 
the increased amount of free ser\’ices supplied by the state or by 
private philanthropies. Certain factors, in part, offset these hidden 
additions to income, as, for example, the greater proportion of 
income which must be spent on rent in growing industrial areas. 

{d) Increased Leisure. Another bj’product of our mechanized 
civilization is the increasing amount of leisure. Not only do men 
work less hard during their occupied hours, but they have more 
free hours. Fifty years ago, the 60-hour week was general in the 
United States, Germany, France and Belgium, a 52-hour week in 
England, but 72 hours in Italy, Russia and other countries. Even 
longer hours of work were not uncommon.'*^ Since 1890, there 
has been a marked reduction in hours of labor. There are no com- 
prehensive statistical data on the subject, but there is enough 
material to show the trend In the United States, Douglas esti- 
mates the average working hours in certain trades at 58.4 in 1890, 
57.3 in 1900 and 53.8 in 1913. A survey by the National Industrial 
Conference Board shows a decline for manufacturing industries 
from 55 hours in 1914 to 49.6 in 1927. Just before the World War, 
in many countries the 8-hour day already had obtained a strong 
foothold, especially in unionized industries. After the World War, 
the 8-hour day became even more general, expedited by inter- 
national agreement. By 1928, a working week of 48 hours or less 
was enjoyed by more than 80% of full-time workers in England, 
Austria, Belgium, Czechoslovakia, Denmark, Holland and Sweden. 
In highly unionized industries the 44-hour week or less has become 
general, and in practically all, the working week is not more than 
48 hours. This downward trend in the hours of labor will prob- 
ably continue for a while. For example, a week of 40 hours or less 
is specified in most of the industrial codes of the NEA. 

Education of the working classes in the proper use of leisure time 
has been woefully neglected, and even in the upper classes it is 
most inadequate. The result of the poor training and facilities for 
leisure is described in viAud, if exaggerated, terms by Nystrom:^- 
“There is also the dangerous tendency with increasing leisure for 
individuals to become fat and flabby in mind as well as in body. 
The critics of leisure point to the menace of declining energy, 
ambition and ability among those whose leisure time is increased. 
This flabbiness and laziness is e\’ident in both sexes, and maj’- be 
seen in the growing tendency to ride instead of to walk, to participate 
in sports as spectators rather than as players and to shirk responsi- 
bility and effort in every form.” 

(e) Increasing Urhanization. Another aspect of our changing 
cmlization, significant in relation to the increase in diabetes, is 
the growing concentration of population in cities, that has been 
fostered or imposed by the development of our present industrial 
organization. The trend toward the cities has resulted in cutting 
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down the expenditure of energy of large numbers of individuals. 
For example, the recreational activities of city dwellers tend to 
the passive types. For women, the removal to the city brings 
about a change to easier work, inherent in the differences between 
the city and country household. Again, transportation facilities 
and their use are much greater among urban residents. Differences 
in occupational patterns of the city and country need not be con- 
sidered here because they have already been given their due weight. 
Moreover, the greater availability of concentrated foods, rich in 
calories, undoubtedly encourages overnutrition among urban resi- 
dents. Urbanization, then, is a factor in the real increase in 
diabetes, and facts on the extent of this change are important. 

In the United States, only 30 years ago, 60% of our people lived 
in the country, but today we are an urban people with only 44% 
of our population in rural areas. In the space of a generation the 
population of our cities has increased 125%, but our rural popula- 
tion has grown less than 20%. Moreover, the actual farm popula- 
tion in the country decreased in the decade 1920 to 1930. The 
increase in the rural population during the decade was limited to 
those residing in country villages. Because of the depression, 
many urban residents returned to their former homes in the country 
after 1930. Estimates of this movement run as high as 2,000,000 
persons. This is, however, a purely temporary phenomenon and 
there is already evidence that the movement has again been 
reversed.^^ 


Table 13. — Gkowth in Pkopobtion op Urban Residents* in Principal 
Countries, 1900-1930.t 


Country. 

Per cent residing in urban areas. 

1900. 

1930. 

United States 

40.0 

56.2 

Belgium 

52.3 

00.5 

Canada .... 

37.5 

53.7 . 

Denmark . ... .... 

39.1 

43.9 

England and Wales ... .... 

77.0 

80.3 

Finland .... 

12.5 

18.2 

France 

40.9 

49.1 

Germany ... 

43.8 

53.0 

Netherlands ... .... 

70.3 

78.8 

New Zealand ... .... 

39.1 

51.0 

Norway .... 

28.0 

28.5 

Union of South Africa 

52.9 

01.3 


* Definition of “urban” is not the same for all countries, although for each country 
comparable populations as of the two dates are used. In most cases, incorporated 
cities and towns are included; sometimes with a limitation as to size. In Belgium, 
Netherlands and Germany, communes over a certain size are included. 

t Census data closest to these years. Most of the dates fall -within 1 year. Excep- 
tions are; 1930, France and New Zealand (192C), and Germany (1925): 1900, Union 
of South Africa (1904) and Netherlands (1909J. 
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The long-time movement to the city is by no means limited to 
the United States. As Table 13 shows, cities throughout the world, 
almost without exception, have been growing faster than the 
country, and to a great extent at its exiiense. Generally speaking, 
this trend is greatest in the countries, particularly the British 
commonwealths, which have been developed latest. In England 
itself the change has been very small, but in this case the rural 
population had already diminished to about one-fifth of the total 
population three decades ago. 

(/) The Position of Women. The greatly increased incidence of 
diabetes in women reflects to a great extent the gradual improve- 
ment in their position in modern times. This development is 
intimately related to the broad social changes already described, 
but the interest in it at this point is to review the effect on the 
actual physical work done by women. This has become progres- 
sively less in modern times, especially in industrial communities. 
Lower birth rates, which are a characteristic development all over 
the world, mean fewer children to work and care for. Smaller 
homes, epitomized by the small apartments of large cities, also 
have the effect of lessening work. Moreover, many of the former 
functions of the housewife— cooking, baking, food preserving, 
laundering and the making of clothing— are now largely carried on 
in industry. I^Tiatever work remains in the home is rendered 
easier, as we have seen, by new domestic labor-saving devices. 
These are widely used in farm as well as in city homes. Another 
important development has been the great reduction in the number 
of domestic servants. Women who are dependent on their own 
earnings have come to prefer jobs in factories and oflBces, where 
work is easier, normally better paid and the hours are shorter. 
The effect of all these changes is, of course, not immediate, and 
none of them has yet exercised its maximum influence. For example, 
the decline in birth rates has been most rapid in recent years, and 
the women of childbearing ages of those years are only now ap- 
proaching the “diabetes age.” 

The Recognition of Diabetes. 

The Influence of Medical Facilities on Its Differential Incidence. 
The factors thus far discussed are those which make for real varia- 
tions in the incidence of diabetes. Not all cases of the disease, 
however, are diagnosed, and the reported incidence must likewise 
be considered. In this, the extent and quality of medical services are 
the major items but, as indicated in the second paper," differences in 
official statistical procedures in classifying deaths also play a part. 
In general, countries economically well off have better developed 
medical services than those less favorably situated, although this 
will not be uniformly true. Within all countries and regions, of 
course, the more prosperous classes have freer access to the best 
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medical facilities and make more frequent use of them than the 
lower economic and social groups. The chances of correct diag- 
nosis of diabetes are then generally better for ivealthier nations 
and classes. 

Comparative data on the proportion of physicians and of beds in 
general hospitals to population in various countries and for several 
regions of the United States, presented in Table 14 , show that 
the diabetes rates are generally high in areas which have the greater 
number of physicians and hospital beds, and are low where the 
medical facilities are poorer. The correspondence is best in respect 
to hospital beds. Complete correspondence is not possible because 
of such factors as the differences in the quality, training and equip- 
ment of physicians in various areas, the development of socialized 
medicine in certain countries and the growth of specialized hospitals. 
In certain countries, furthermore, highly developed medical centers 
attract large numbers of foreign patients, Vienna being the prime 
example. 


Table 14. — Physicians and General Hospital Facilities in the United Staste 
AND Its Subdivisions and in Several Foreign Countries. 

Number of Physicians and of Beds in General Hospitals Per 10,000 Population. 


Country. 


Physicians I 
per 10,000 [ 

population, 
1929. 


Beds 

per 10,000 
population, 
1928. 


United States 
New England . 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain . 

Pacific .... 
Great Britain 
Austria .... 
New Zealand 
Switzerland 
Denmark .... 
Germany .... 
Belgium .... 
France .... 
Czechoslovakia 
Norway .... 
Netherlands . 

Sweden .... 
Poland .... 


12. 6§ 

37.0 

13.6 1 
13.6 j 

[ 50.5 

12.8 
13.1 , 

[ ' 37.5 

10.8 

. 23.3 

10.61 
10.9 1 

[ ’ 19.7 

10.8 1 
17,3 J 

[ 1 

12.2 


12. Ot 

' 43.0 

0.1§ 

45.5 

8.4* 

, 46.5 

7.0 

' 49.9 

7.4 

59.0 

6.8 

, 29. 4§ 

6.0 


6.5 

24. 3t 

6. It 

,39.2 

5.6t 

32. Ot 

3.8 

25.4 

3. It 

2. It 


* 1930. tl929. J 192S. § 1927. 

Urban and rural variations in the incidence of diabetes may 
likewise reflect, in part, differences in the medical facilities avail- 



184 JOSLIA', DUBLIN, MARKS: STUDIES IN DIABETES JIELLITUS 

able. Everywhere physicians tend to congregate in the larger and 
more prosperous cities. There is constant complaint of the dearth 
of physicians not only in the country but even in the small towns 
outside the metropolitan zones. To some extent the situation today 
is better than appears on the surface, because modern transporta- 
tion enables the small town and rural residents to avail themselves 
of urban medical services. At the same time physicians, both in 
town and country, serve a much wider area than formerly. Only 
in sparsely settled sections is the situation really bad. 

The Infltience of Medical Progress oii the Increase in Diabetes. 
In like manner, developments in the field of medical service have 
tended to increase the number of recognized cases everywhere. In 
this connection, one must bear in mind that these improved medical 
services hai^e become available to an increasing proportion of persons 
as a result of the concentration of populations in urban areas and 
because of improvement in transportation. In this country, the 
imjiortant change in the medical field is not an increase in the 
number but in the quality of phj^sicians. The proportion of 
physicians to population has steadily dropped from 17.3 per 10,000 
in 1900 to 12.6 in 1927.^'^ .This tendency is found in almost every 
section of the country. In most foreign countries, on the other 
hand, the proportional number of physicians has been growing.'*® 
(Table 15.) But everyivhere there has been increasing emphasis 
on the quality of the candidates admitted to study and great' 
improvement in the standards of medical education. 


Table 15. — Change in the Ratio op Phtbicianb to Population in Certain 

Countries, 1900-1925.* 


Country. 

Ph 3 ’ 8 icjan 8 per 10,000 population. 

1900. 

1925. 

Germany 

4.6 

0.9 

France 

4.9 

5.9 

Belgium 

5.3 

0.2 

Netherlands ... 

4.6 

5.6 

Sweden 

2.2 

3.2 

Norway 

5.0 

5.5 

.Switzerland 

6.7 ■ 

8.1 

England and Wales 

7.0 

6.4 

Canada 

10.2 

10.6 


* Data are those available closest to these years. Most of the dates fall within 
2 years. Exceptions are: For 1900, France (1900) and Switzerland (1910); for 
1925, England and Wales and Canada (1921) and Switzerland (1928). 


Changes in the quality of the medical personnel are not measur- 
able, but there are other significant statistical evidences of improve- 
ment in medical care. For example, in the 30 years between 1900 
and 1930 the number of hospitals in the United States increased 
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from 2070 to over 6500* and the number of hospital beds even 
mored^-'*® This increase in hospital facilities extended to every 
type. The number of beds per 10,000 population in general hospi- 
tals rose from 25.8 in 1925 to 31.3 in 1932. There was a negligible 
decline in 1933. The per capita expenditure of cities of 30,000 and 
over for these hospitals increased over 3 times between 1913 and 
1928 and 5 times between 1903 and 1928.^® The number of general 
hospitals with outpatient departments rose from 703 in 1921 to 
1562 in 1931, and every section of the country benefited from this 
increase. The number of clinics of all types grew from about 150 
in 1900 to 3944 in 1921 and 7595 in 1931.®° The extent to which 
all these clinics are used is not available, but the number of visits 
reported in 24 of the 25 largest cities of the country increased from 
7 millions in 1921 to nearly 14 millions in 1931. Between 1927 
and 1931 alone, there was an increase in the number of visits to 
outpatient departments in this country from nearly 14 millions 
to 23.5 millions. Finally, there has been a rapid growth in the 
number of private clinical laboratories. 

Similar expansion of hospital facilities has been going on in 
many countries. No systematic collection of data on this matter 
exists, but the facts for a few countries clearly show the trend. 
In Germany, for example, the number of beds in general hospitals 
rose from 29 per 10,000 population in 1900 to 55 in 1926, and in 
Sweden, from 21.6 in 1900 to 39.6 in 1926. In France, the number 
of hospitals increased 15.1% and the number of persons treated 
74.3% between 1900 and 1930, while the population showed an 
increase of only 6.4%. In Switzerland, the number of hospitals 
‘ increased 51% between 1916 and 1930 and the number of admis- 
sions 55%, while the population increased only 6.2%. 

The growth of industrial medical services has also favored more 
frequent diagnosis of diabetes in recent years. In 1930-1931, 
5564 plants, with 4,200,000 employees, were known to provide some 
form of medical service.®^ More than one-half these plants, employ- 
ing 3,100,000, required medical examination prior to employment, 
and periodically thereafter. These examinations often include an 
urinalysis and, when necessary, a blood sugar estimation. Conse- 
quently, an increased number of diabetics has been discovered 
in this manner. Moreover, many modern plants do not limit 
their medical services to examinations or first aid. At the time of 
the survey just quoted, 773 industrial plants employed 617 full- 
time physicians and 518 on part time for the medical care of their 
employees, numbering about 600,000. In no less than 515 plants 
with 430,000 employees, medical care was extended to the workers’ 
families. 

* In recent years the number of liospitals has been declining, but this is partly 
due to amalgamation of previously existing units. The number of hosjutal beds 
has continued to increase. 
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Another development which has increased the chance of a correct 
diagnosis of diabetes is the growing frequency of medical examina- 
tion of supposedly healthy persons. The most important factor 
in this situation in the United States is the vast growth of life insur- 
ance in recent decades, examinations for which have long included 
a routine urinalysis. Distinct advances have been made in the 
technique and its standardization in the large biochemical labora- 
tories of the life insurance companies. In recent years the number 
of blood sugar estimations for life insurance examination has also 
been growing rapidly. This trend will be accelerated by the 
method, developed 3 years ago, of preserving small samples of blood 
so that blood sugar estimations of samples taken by medical exam- 
iners in the field can be made by a standard technique at home office 
laboratories. The importance of life insurance in this matter in 
the United States may be realized from the number of persons 
applying for life insurance requiring medical examination, which 
has reached the figure of 4 millions in some recent years and even 
today is about 3 millions per year. More direct evidence of the 
place of life insurance in the identification of diabetes is that 15.9% 
of all Joslin’s male patients of insurable age were discovered in 
this manner and, of the cases seen between 1920 and 1928, actually 
17.7%. In view of the particularly sharp advance in the incidence 
of diabetes in women, it is significant that the number of women 
applying for life insurance has been increasing at a much faster 
rate than of men. For example, in 1900 women constituted, only 
7.6% of all “Ordinary” applicants in the Metropolitan Life Insur- 
ance Company, but in 1930 the proportion was 26.9%. In these 
30 years, winch witnessed a tremendous growth in life insurance, 
female applicants in the Company increased by over 80 times, while 
male applicants increased by about 20 times. That life insurance 
is a factor in the increased recognition of diabetes in many other 
countries also may be inferred from the growth in the per capita 
amount of insurance in force, especially during the past decade.®- 

Similar in its nature and significance is the growing popularity 
of periodic health examinations. Life insurance companies have 
done much to foster this development, even to the extent of paying 
for the examination of their policyholders. That this is not a 
matter of slight importance may be realized from the fact that over 
100,000 policyholders of the Metropolitan Life Insurance Company 
alone took advantage of this service in 1933. Since 1920, their 
number has grown tenfold. The number of indiUduals receiving 
periodic examinations from their personal physicians must also be 
very large today, due to the persistent efforts of medical societies 
to popularize the idea of periodic physical examination. 

Certain other advances in the field of medicine, even if their 
effects are as yet not measurable, are nevertheless significant in 
regard to diabetes. On the one hand, there have been distinct 
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advances in the techniques involved in the diagnosis of diabetes. 
While tests for urinary glycosuria are not new, the methods in use 
at the present time are of relatively recent origin. This is even 
more true of cheap and accurate tests for blood sugar, particularly 
of micro methods. Moreover, routine examination, even of urines 
for sugar, is relatively recent. Bolduan^® has shown that even in 
a high-grade institution like New York Hospital, this did not 
become the practice until some time between 1880 and 1890. 
Routine blood sugar estimation has not been done in many hospitals 
for more than a few years, and even today is not widely done. The 
increased use of diagnostic aids is also in part the result of changes 
in the training and personnel of the medical profession. The passing 
years have brought in a new type of physician, trained from the 
beginning in the use of modern diagnostic techniques and thus 
accustomed to use them more freely than the older generation of 
physicians. 

These advances are not limited to any one country. The wide 
- and rapid diffusion of scientific knowledge makes new techniques 
available within a relatively short time to physicians in all parts 
of the civilized world. Modern industrial methods make possible 
the manufacture of new equipment at prices which soon bring it 
within the reach of hospital groups and physicians everywhere. 
Modern methods of organization promote frequent use of these 
facilities, thus bringing down the unit costs to relatively modest 
figures. 

These changes in the medical field have come about during an 
era in which there has also developed a new and franker attitude 
toward the body and its functions. This has been especially true 
in regard to women. For this reason greater attention has been 
directed toward their medical needs, and the medical services ren- 
dered to them have increased. This also has aided in the discovery 
of more cases of diabetes. 

Other Factors in the Increasing Incidence of Diabetes. An apparent 
increase in diabetes has resulted from the steady growth in the 
proportion of old persons in the population and especially of older 
women,* among whom diabetes is most frequent. Increase from 
this source is viewed as apparent because it occurs without any 
change in the specific age and sex rates of incidence of diabetes. 
Table 16 shows that the growth in the proportion of older persons 
is characteristic of almost all civilized countries.®^-^^ In the United 
States, for example, the number of persons aged 45 and over con- 
stituted 22.8% of our population in 1930, compared with only 18.9% 
in 1910 and 17.7% at the beginning of the century. Stated in another 
way, the number of people in the United States at ages past 45 has 

* In our discussion of diabetes death rates, the effect of these factors was dis- 
counted in comparisons of rates adjusted for chanKCS in sex and age — not, however, 
in crude death rates winch were of necessity more frequently used. 
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more than doubled in the last 30 j'^ears, x^'hile the total population 
has grown by only 62%. The increase in the number of older women 
is even greater. 

Table 16. — The Ikcre.\sing Proportion op OijDer Persons .vnd op Older 
Women in the Population op Principal Countries. 1900-1930.* 


Percentage of population. 


Persons. 1 Females. 

Country. ! 


I 



Ages 40 and over. 

Ages 60 and over. 

Ages 40 and over. 

1900. 

1930. 

1900. 

1930. 

1900. 

1930. 

United States . . . . 

23.4 

29.4 

6.4 

8.5 

11.1 

- 14.2 

Australia 

21.9 

31.1 

6.2 

9.4 

9.5 

15.3 

Belgium 

27.9 

33.2 

1 9.5 

10.3 

14.4 

17.1 

Canada 

24.5 

2S.5 

! 7.7 

8.4 

11.7 

13.2 

Denmark 

2S.4 

31.7 

1 9.8 

10. S 

15.0 

16.6 

England and Wales 

23.3 

35.7 

. 7.4 

11.4 

13.4 

19.3 

Finland 

26.9 

30.3 

■ S.2 

9.4 

14.2 

16.1 

Franco 

35.1 

38.5 

, 12.5 

13.8 

18.2 

20.6 

Germany . 

25.7 

33.3 

; 7.S 

10.4 

13.6 

17.7 

Ireland . 

29.0 

33.3 

1 10.9 

12.3 

15.0 

16.7 

Italy 

29.1 

30.3 

i 9.6 

. 10.8 

14.8 

15.9 

Netherlands 

26. S 

29.1 

1 9.2 

9.4 

13. S 

14.9 

New Zealand 

22.7 

31.9 

j 6.7 

8.7 

9.5 

15.4 

Norway 

2S.4 

30. S 

1 10. S 

11.6 

15.3 

16.6 

Spaint ... 

2S 2 

29.1 

; 8.2 

9.5 

14.0 

15.3 

Union of South Africa}: 

17.0 

20.0 

3.4 

■ 

7.1 

7.1 

12.3 


* Data relate to censuses closest to these years. Most of the dates fall •uithin 
1 year. Exceptions are, for 1930, Ireland and Prance (1926) and Belgium and Spain 
(1920); for 1900, Union of South Africa (1904). 

t Ages 41 and over and 61 and over. t European population. 

A real increase in the number of diabetics in recent years has 
also come about as a result of the prolongation of life of diabetic 
patients, chiefly through the use of insulin. In a later paper, we 
shall show how great has been the actual reduction in the death 
rate of diabetics, which is, of course, quite a different thing from 
the death rate from diabetes in the general population. The net 
result of the recent advances in therapy has been to increase the 
number of diabetics living at every age, but most of all at the 
younger ages. 

^Miile we do not lay much stress on racial susceptibility, a possible 
factor in the increased frequency of diabetes in some areas is the 
rapid grouflli of race stocks with a higher than average incidence of 
diabetes. Thus, the number of Jews in the United States has in- 
creased nearly fourfold in a generation— from slightly more than 1 
million in 1900 to over 4 millions at the present time.^" For the 
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country as a whole, the item is not a large one. Jews constituted 
1.3% of our population at the beginning of the century and even 
today, only 3.2%. This influence is much more important in a city 
like New York, where the number of Jews has risen in the past 30 years 
from 600,000 to over 2 millions.” Moreover, the growth resulted 
largely from immigration of young people who are only now begin- 
ning to be represented in large numbers in those older age groups 
where the mortality from diabetes is highest. The Jews are singled 
out for specific mention because of the interest in their high inci- 
dence of diabetes. The same thing applies in lesser degree to some 
other racial groups. This factor, if at all important, is significant 
only in countries which have been growing by immigration, but 
not in the more settled countries. 

Summary and Conclusions. Overweight is the most common 
factor in the etiology of diabetes. The evidence shows that varia- 
tions in diabetes mortality, whether from the point of view of 
regional or social distribution, or from the point of view of changes 
in time, are associated with environmental conditions which influ- 
ence the frequency of overweight. Thus, diabetes is found to be 
most prevalent among persons whose work requires the expenditure 
of relatively little physical energy and who have higher than average 
incomes. Likewise, the disease tends to be most frequent in socie- 
ties in which “real” incomes, as measured by purchasing power 
of wages, are highest and the proportion of persons engaged in 
light work is greatest. These basic conditions also explain the real 
increase in diabetes throughout the world. The rapid expansion 
of the use of machines driven by mechanical power has made 
industrial workers mere tenders of machines, has lightened the 
burden of farm workers, transferred large numbers into clerical 
and sales jobs and reduced hours of labor. The amount of energy 
expended in work, therefore, has been drastically cut down for the 
majority of the working population. The growth of urban areas, 
often at the expense of the country, has made ever larger numbers 
subject to these influences. Concomitant with these developments, 
if not as a result of them, an increase in “real” wages has occurred. 
Consequently, at the same time that individuals have been called 
upon to work less hard, thus reducing food requirements, they have 
become able to buy more food. Either condition alone would favor 
an increased frequency of overweight and, therefore, of diabetes. 
Together their power is greatly enhanced to bring about the path- 
ology we call diabetes. 

As for women, the very great increase in diabetes among them 
reflects the betterment in their social position. They have shared 
in the benefits of the increasing family income. Domestic labor 
has been lightened by the decreased size of the family ,*.by the 
transfer of many domestic functions to industry and by the use of 
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labor-saving devices in tlie home. Moreover, employed women 
have tended to drift into less arduous jobs. Increasing attention 
to the medical needs of women has also undoubtedly'- resulted in 
the more frequent recognition of diabetes among them. 

Another factor in the differential incidence of diabetes is the 
quality and efficiency of medical service. Diabetes rates are gen- 
erally highest where either medical facilities, as measured by 
hospital beds to population, are most abundant, or physicians in 
proportion to population, most numerous. More frequent dis- 
covery of the disease, causing an apparent increase in its incidence, 
has followed an increase in medical facilities, widespread improve- 
ment in medical education and important advances in diagnostic 
methods. These methods have become increasingly familiar to 
the average physician, largely as a result of the gradual replacement 
of the older members of the profession by younger men trained from 
the beginning in these newer techniques. At the same time, these 
procedures have been used on a vastly increased scale as a result 
of their routine use in hospitals and the medical examination of 
large numbers of supposedly healthy persons for insurance and 
health purposes. Modern medical service has become available to 
an ever increasing proportion of the population as a result of the 
concentration of populations in urban areas. 

The rise in the incidence of diabetes also reflects the great change 
in the constitution of populations. Everj'where the proportion of 
persons in middle and later life, among whom diabetes is most 
frequent, has been steadily increasing. Especially is this true of 
older women. Another factor, significant in certain areas, is the 
differential increase of race stocfo which seem to be especially 
susceptible to the disease. A third item not to be overlooked is 
that the improvement in diabetes therapy, largely as a result of 
insulin, has itself increased the number of diabetics living. 

The increase in the incidence of diabetes is only in part a real one. 
Such is the increase resulting from environmental changes which 
favor frequent overnutrition and also that following the reduction 
in the mortality of diabetics due to insulin. On the other hand, 
the increase in diabetes due to the growing proportion of older 
persons is not a problem to give concern, because the sex and age 
characteristics of the disease make it inevitable. The rest of the 
apparent increase in diabetes incidence results largely from the 
identification of cases which formerly escaped attention.' Not one 
new case of the disease is added to the true number by improvement 
and more frequent use of medical facilities. The question naturally 
arises as to the relative importance of the several factors mentioned 
—how much of the increase in diabetes is real, and how much appar- 
ent. In the present state of our knowledge, however, it is impossible 
to give a definite answer to tliis question. 



JOSLIN, DUBLIN, ALVRUS: STUDIES IN DIABETES AIELLITUS 101 

It is likely that the incidence of diabetes will continue to grow 
and diabetes death rates likewise to increase moderately for several 
years, until the forces described in this paper reach equilibrium. 
Advances in industrial technology are still being made. Conse- 
quently, the productivity of workers may be expected to increase; 
mechanical power to displace human labor to a greater extent than 
today, both in industry and agriculture; and standards of living to 
rise. As a result, a further real increase in diabetes will occur 
unless we are more successful than we have been in educating the 
public as to the dangers of overweight and how it may be pre- 
vented. Some further growth in the number of diabetics may be 
expected as a result of further increase in the average age of the 
population, which will not become stationary for several decades. 
The recognition of the disease will also be more frequent in the future 
because of improvements, still being made, in the efficient use of 
our medical resources and in diagnostic techniques. 
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THE ACTION OF THEVETIN, A CARDIAC GLUCOSID, AND 
ITS CLINICAL APPLICATION.* 
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HONOLULU, T. H., 

William S. Middleton, M.D., 
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MADISON, WIB. 

AND 

K. K. Chen, Ph.D., M.D., 

DIRECTOR OF PHARMACOLOGIC RESEARCH, THE LILLY RESEARCH LABORATORIES, 

INDIANAPOLIS, IND. 

The plant Thevetia neriifolia (Jussieu) is indigenous to Soutli 
America and the West Indies, but is now cultivated in the East 
Indies, India, the Hawaiian Islands and West Africa, chiefly for 
ornamental purposes. It belongs to the family Apocynacese, which 
also gives rise to apocynum (A. cannabinum or A. androsagmifolium), 
oleander (Nerium oleander) and different species of strophanthus. 
Thevetia neriifolia is a tree 10 to 20 feet high, and bears fruits 
which finally yield dark brown, hard-shelled nuts, as shown in 
Fig. 1. 

The kernels of these nuts have been known to be poisonous to 
men and animals since the latter half of the sixteenth century. 
Cases of poisoning have been described by Decourtilz,^ Balfour and 
Maclagen,! Dumontier,^ and Dey.* Various colloquial names have 
been assigned to the nuts according to the localities, being called be- 
still nuts in the Hawaiian Islands, ahouai in the Antilles, joro-joro 
in Dutch Guiana, lucky seed in Jamaica, cascaveleira in Brazil, 
bois saisi in Haiti, and pilakanir or kokilphul in India. 

The first chemical study on the nuts of Thevetia neriifolia was 
undertaken by DeVry,^ in 1863, who isolated from them a glucosid 
and named it thevetin. In spite of subsequent- investigations, as 
carried out by Blas,^ Weitz and Boulay,® Ayyar,® Chopra and 
hlukerjee,^ and Ghatak,® the chemistry of thevetin is still in a 
realm of uncertainty and needs further exploration. 

Husemaim,! in 1876, showed that thevetin has a digitalis-like 
action on the heart, but he believed that it caused abscess formation 
upon injection. Chopra and Mukerjee’^ recently made an extensive 
pharmacologic study on thevetin and concluded that “the margin 
between the therapeutic and toxic limits seemed to be too low to 
warrant its safe administration.” They did not determine the 

* Road before the Section on Pharmacology and Therapeutics at the Eighty-filth 
Annual Session of the American Medical Association, Cleveland, Ohio, June 13, 1934, 
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exact potency of the principle by any of the well-known assay 
methods. 

Our interest in thevetin was initiated by one of us (H.L.A.)® 
when a child, aged 5 years, died 20 hours after eating the nuts, at 
the Children’s Hospital, in January, 1931. The manifestations 
were like digitalis poisoning. It also happened that several chickens 



Fig. 1. — Upper, tree of Thcvctia neriifolia; lo^YC^ left, flower; lower riglit, mature nuts. 






ARNOLD, MIDDLETON, CHEN: THE ACTION OF THEVETIN 195 

succumbed from the same cause at this child’s home. A sample of 
the nuts was soon collected and forwarded (for chemical investiga- 
tion) to the laboratory with which another one of us (K. K. C.) is 
associated. Chen and Chen^® ultimately isolated thevetin and 
subsidiary glucosids in pure form, and subjected them to a quan- 
titative pharmacologic evaluation.” 

Laboratory Data. Thevetin is soluble in alcohol and less in 
water. It melts at about 193° C. (corrected) and has a specific 
rotation of [a]^ —62.5°. Its empirical formula is C 29 II 46 O 13 . 2 H 2 O. ’ 
The substance is relatively stable, since a dilute aqueous solution 
retains its physiologic activity for more than a year. 

Action on the Heart. The chief action of thevetin is on the heart. 
In frogs it causes systolic ventricular standstill either by injection 
into the lymph sac or by perfusion into the inferior vena cava. On 
the mammalian heart, Chopra and Mukerjee’ observed that thevetin 
has a stimulant action in small amounts, but depresses and stops 
the ventricles in large doses. During stimulation the cardiac 
output and coronary outflow are both increased; but the latter 
diminishes when intoxication by larger doses of thevetin begins. 
Electrocardiograms, recorded from etherized cats while a dilute 
solution of thevetin was slowly injected, showed typical changes of 
digitalis-like action” such as bradycardia, inversion of T wave, 
P-R prolongation, A-V dissociation, ventricular tachycardia and, 
finally, ventricular fibrillation. In terms of the fatal dose, it appears 
to take a relatively smaller quantity of thevetin to produce the 
first appearance of P-R prolongation and maximal slowing of the 
heart rate than for ouabain or digitoxin. 

Thevetin has a persistence of action comparable to that of ouabain 
as determined in cats. Of the fatal dose, 47% may remain in 
circulation for more than 5 hours, and 71 % for more than 22 hours, 
but 82% may be completely eliminated in 24 hours. Hatcher” 
reported that in cats, digitalis and digitoxin might be present in 
the body for a full month, while the largest sublethal doses of 
strophantliin disappeared in a day. 

In animals, thevetin is easily absorbed when it is given per os 
or by subcutaneous injection. 

Potency. "When assayed by the method of Hateher and Brody,” 
the cat unit of thevetin is determined to be 0.85 mg. per kg.” 
With the U. S. P. frog method,” the glucosid has a minimal systolic 
dose of 0.004 to 0.005 mg. per gm. Ouabain assayed under the 
same laboratory conditions is shown to have a cat unit of 0.12 -mg. 
per kg. and a minimal systolic dose of 0.005 to 0.006 mg. per gm. 
in frogs. Based upon the cat unit, thevetin is y as toxic, but also 
y as powerful, as ouabain. 

Action on Other Organs. Aqueous solutions of thevetin are bitter 
to the taste. Like other cardiac glucosids, thevetin, in large doses. 
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causes a sustained rise in blood pressure wdtb occurrence of vagal 
pulse, arrhythmia and tachycardia, as shown in Fig. 2. It induces 
nausea and vomiting in pigeons, cats or dogs. Thevetin in appro- 
priate concentrations stimulates intact or isolated intestines, uteri 
and urinary bladder,^'ii the action probably being on the smooth 
muscles. 

With aseptic precautions, no necrosis occurs when thevetin is 
injected, either in rabbits or in men, intradermally, subcutaneously 
or intramuscularly.^^ Like other digitalis glucosids, it may produce 
a slight pain at the point of injection, but it does not cause abscess 
formation, as claimed by Husemann.* 




1 THEVETIN 2 MGM. 

Fig. 2.— Action of thevetin on blood pressure. Cat, male, weighing 2.CG kg., 
was decerebrated and pithed. Both vagi were sectioned. Artificial respiration 
was administered. The injection of thevetin was made by the intravenous route. 

Action of a Single Dose of Thevetin in Men With No Apparent 
Cardiac Disorders. In view of the fact that thevetin is sufficiently 
soluble in water, relatively stable in solutions, easily absorbed, and 
prompt in action, it appeared justifiable to study its action in men. 
Although it is less persistent than digitalis, it has at the same time 
less risk of cumulative action. 

Upon the oral administration of thevetin to normal individuals 
in doses of from 1 to 5 cat units, there regularly occurred a fall in 
the pulse rate (Table 1, Cases 1 to 5). The degree of this fall, 
which ranged from 9 to 20 beats per minute, bore no direct relation 
to the dosage. The greatest decrease in pulse rate occurred with 
2 cat units, whereas the least was with 4 cat miits. A maximal 
effect in this direction was recorded in 2 to 3 hours; but again the 
time factor was not directly related to the dosage. Interestingly, 
heart burn was occasioned in both instances where the dose of 
thevetin exceeded 3 cat units in the normal subjects. 

One indiTudual (Table 1, Case 6) received 3 cat units of thevetin 
intramuscularly with a resultant decrease in the pulse rate of 12 per 
minute after 3 hours. He experienced no general subjective mani- 
festations, but there was a dull ache at the site of injection for 
about 5 hours. The discomfort gave way to slight tenderness at 





Table 1.— Effects of a Single Dose of Thevetin and Tincture or Powder op Be-still Nuts. 
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the end of 5 hours. A second indi\ddual (Table 1, Case 7) was 
given 5 cat units of thevetin intramuscularly. The pulse rate 
began to decHne 17 minutes after the injection into the left deltoid 
and reached its maximal slowing of 20 beats per minute in 92 min- 
utes. Binning, shooting neuritic pains with muscular tvdtching 
developed in the left arm and persisted with some abatement 
throughout the day. On tlie following day there remained only 
slight residual tenderness at the site of injection. 

Action of a Si7igk Dose of Thevetin and Other Preparations of Be- 
still Nvts in Patients With Cardiac Disease. With the safe back- 
ground of pharmacologic support, it was deemed wise not to exliaust 
the study of the normal subject in his responses to the derivatives 
of be-still nuts but to proceed immediately to the logical clinical 
application of these substances in the treatment of cardiac affections. 

Since poisoning has occurred by eating be-still nuts, it becomes 
apparent that thevetin is easily absorbed from the gastro-intestinal 
tract. This is well borne out by the results of animal experiments. 
Studies were, therefore, carried out by either intravenous injection or 
oral administration of pure thevetin. For the latter purpose, a 
solution of thevetin in 65% alcohol by volume was prepared. In 
addition, a tinctm-e of the defatted kernels and the powder of the 
same (dispensed in capsules) were employed by mouth. Each 
preparation was so standardized (physiologically) that each cubic 
centimeter or capsule was equal to 1 cat unit. 

To test the influence of a single dose of these products, 25 observa- 
tions were made upon 23 patients vnth a variety of cardiovascular 
diseases. The results are grouped in Table 1. It will be observed 
that with a single exception (Case 8), the intravenous injections of 
thevetin were in doses of 5 cat units, whereas the alcoholic solution 
of thevetin and tincture of Thevetia were given orally in doses of 
0.5 to 2 cat units. Accordingly deductions must be drawn sepa- 
rately and vlth due consideration for the discrepancy. 

A fall in pulse rate succeeded the intravenous administration of 
a single dose of thevetin in 12 of 15 instances (14 patients). No 
decrease occurred in 2 and a rise was observed in 1 patient. The 
maximal fall appeared in less than 45 minutes in 9 observations. 
This point was deferred to 10 hours in 1 instance. The degree of 
pulse fall ranged from 2 to 40 beats per minute. As eiddence that 
the cardiac rhythm played no decisive role in this direction among 
these patients may be cited Case 10. "N^flien the normal rhj'thm 
was restored in this patient, a greater response to 5 cat units of 
thevetin was observed than during a period of auricular fibrillation 
(40 as compared with 32). The blood pressure changes were 
equivocal ; but the circumstance of equal numbers (4) with a fall in 
systolic blood pressure as with a rise should be remarked. Three 
patients showed no effect and 1 (Case 16) had a fall in diastolic 
pressure only. Of 14 patients, 13 showed some electrocardio- 
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graphic changes. The details of this phase of the study will be 
elaborated in the consideration of the treatment of cardiac decom- 
pensation, but in this connection it should be noted that only 
2 patients (Cases 12 and 13) showed adverse results to a single dose 
of thevetin administered intravenously, and both of these had 
extrasystoles. Case 13 will demand further discussion, because of 
serious faults in conduction that attended the continued use of 
thevetin. Subjective improvement after a single dose of thevetin 
was volunteered by 3 patients and included relief of dyspnea, 
quieter cardiac acti\aty and diuresis. 

Tincture of Thevetia and the alcoholic solution of thevetin were 
administered to 9 patients (10 observations). The dosage was so 
small (0.5 to 2 cat units) that it is not surprising to note only 4 
instances of lower pulse rate and 2 of altered electrocardiograms in 
response to isolated doses bj’’ mouth. One patient volunteered the 
statement of relief of dyspnea. Actually the interest in this limited 
group of patients rests in other directions which recei\'e later 
consideration. 

Action of Thevetin and Other Preparations of Bc-still Nnis in 
Cardiac Decompensation. In Table 2 the results of the treatment 
of cardiac decompensation have been anal.^'zed. Twenty-three 
patients comprised the group, which includes such patients from 
Table 1 (Case 8 on) as suffered from cardiac decompensation. 
In general, they represent the usual run of patients admitted to a 
general hospital for this condition. Their etiologic background 
covers the commoner causes of chronic myocardial degeneration, 
and the selection of subjects was based only upon the exclusion of 
definitely digitalized patients. Two of the group had been on 
maintenance levels of digitalis. Twenty-five periods of observation 
were available upon the 23 patients. In all patients tolerance 
was estimated upon body weight, and in the average instance 
theoretic tolerance was sought in 5 days. Regardless of the prepa- 
ration or the route of administration, the cat unit equivalent served 
as the standard of dosage. The individual dose of thevetin never 
exceeded 5 cat units nor the daily total 10 cat units. 

Insofar as the pulse response was concerned, 13 to 14 patients 
receiving thevetin intravenously showed slowing of the rate of 
from 2 to 52 beats per minute. These figures represent the radial 
pulse rates. The apical rates were likewise slowed and, as a rule, 
the pulse deficit in auricular fibrillation materially reduced. A 
single patient suffering from auricular parox^’smal tachycardia 
(Case 11) showed no fall in the pulse rate. With the oral prepa- 
rations, tincture of Thevetia and the alcoholic solution of thevetin, 
a slowing of the pulse, ranging from 4 to 48 beats per minute, was 
observed in 8 of 9 patients. With 3 exceptions (C ases 22, 29 and 29), 
the doses of these oral preparations were relatively small or the>’ 
were utilized for the maintenance of circulatory balance (Fig. 3). 
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The changes in blood pressure in the whole group were not decisive. 
Decreases were observed in 11 instances and increases in 7. As 
anticipated, a fall in venous pressure was found in 12 of 17 recorded- 
readings. 



Fig. 3. — Electrocardiograms of Case 26, demonstrating the response to the oral 
administration of alcoholic solution of thevetin. 


The electrocardiographic observations were especially illuminat- 
ing. Demonstrable changes were observed in 19 instances. Length- 
ening of the auriculoventricular conduction time was noted 7 times;’ 
in 1 patient it was slightly shortened. If the cases of auricular 



Fig. 4. — Electrocardiograms of Case 16, demonstrating prolongation of the P-Jt 
interval in response to the intravenous administration of thevetin. 


fibrillation, S in number, be excluded from the group of 17 where a 
recheck was availalile, only 2 instances are left in which vagal 
stimulation was not manifest by an increased P~R. interval after 
drugs of this series. In Case 16, the P-R interval was lengthened 
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from 0.2 to 0.25 second (Fig. 4). The electrocardiograms of 
9 patients underwent changes in the T waves; in 5 of these, all 
T waves became negative. Deviation of the S-T segments occurred 
in 9 instances and significant coving appeared in 3 (2 included in 
the 9 with S-T deviation). Alterations in the Q-R-S complexes 
appeared in the electrocardiograms of 11 patients in this group. 
These changes included modifications of the time factors as well 
as the form of the Q-R-S waves. Five patients showed more 
frequent extrasystoles (Cases 12, 18 and 22) or extrasystoles only 
after these drugs (Cases 17 and 20). Case 9 showed an abolition 
of extrasystoles and Case 11 a few dropped beats after thevetin. 

The control of decompensation was marked in 9 patients. In 
6 . water-logged subjects, diuresis resulted early and was a con- 
spicuous feature in the movement toward restored circulatory 
balance. Dyspnea was relieved in 10 individuals. In 4 instances 
it was noted that these drugs were capable of maintaining circula- 
tory equilibrium when utilized in place of digitalis at maintenance 
levels. 

Adverse Reactions to the Various Preparations of Be-still Nuts in 
Cardiac Decompensation. The untoward effects recorded may be 
grouped under two headings, viz., disturbances of conduction and 
gastro-intestinal disorders. The simple extrasystolic arrhythmias 
so common as toxic manifestations to drugs of digitalis-like action 
may be dismissed without further comment; but the conduction 
changes in Case 13 were so unusual and bizarre as to deserve special 
comment. A hypertensive nephritic with myocardial degeneration 
and pronounced congestive failure had presented only bundle-branch 
block and occasional extrasystoles prior to the institution of the 
thevetin therapy. Fifteen cat units had been administered intra- 
venously over a period of 47 hours, when coincident with a slovnng 
of the pulse from 130 to 78 beats per minute, there appeared to 
auscultation a peculiar alteration of cardiac action. The electro- 
cardiogram (Fig. 5) was revealing. There had apparently oc- 
cm-red a change in the pacemaker wdth an institution of nodal 
rhythm, and each regular Q-R-S complex was succeeded by an 
extrasystole. The bundle-branch block persisted and there was 
some debate as to the possible existence of an alternating bundle- 
branch block. The patient showed no subjective nor objective 
handicap and sinus rhythm was resumed 6 days after the discontinu- 
ance of thevetin. 

In Case 18, death succeeded the third intravenous injection of 
5 cat units of thevetin. The patient suffering from rheumatic 
heart disease with auricular fibrillation, showed a sharp fall in the 
radial pulse rate subsequent to the second intravenous dose of 
thevetin on the first day. Following the prescribed plan of electro- 
cardiographic control of this intravenous medication, a third dose 
was administered on the second day (the ventricular rate having 
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risen from 72 to 75 to 80). Witliin a few moments the patient 
died. Necropsy permission was denied and the true explanation 
of this death must remain unrevealed. The only suggestion of an 
altered myocardial irritability lay in the more frequent extrasystoles 
which appeared in the electrocardiogram taken less than one-half 
hour before death. In no other detail was there a change from the 
preceding tracings except for the described slightly increased ven- 
tricular discharge. 



Fig. 5. — Electrocardiogram of Case 13 after 15 cat units of thevetin. 


The patients receiinng thevetin intravenously were remarkably 
free from gastro-intestinal symptoms of intoxication; anorexia, 
abdominal discomfort or cramps and diarrhea, singly or collectively, 
occurred .in only 3 patients (Cases 15, 20 and 21). In 2 of these 
(Cases 15 and 20), the gastro-intestinal unrest subsided in spite of 
the continuance of the drug. Tlie case for tincture of Thevetia 
and the alcoholic solution of thevetin by mouth was not as clearly 
cut. The first 2 patients receiving the tincture (Cases 22 and 23) 
suffered from cramps or diarrhea, nausea and vomiting on the 
4th or 5th day. The 3d one taking the tincture (Case 24) had 
cramps and diarrhea on the 37th day. The 4th (Case 25) had a 
continuance of nausea and immiting. Two other patients receiving 
maintenance dosage of the galenical preparation (Cases 28 and 30) 
were able to continue without discomfort. Likevnse these same 
2 patients had taken the alcoholic solution of thevetin for 3 and 
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5 days, respectively, vdtli no inconvenience. Another patient 
(Case 26) was carried to theoretic tolerance and satisfactory thera- 
peutic effect on the alcoholic solution of thevetin, vith a slight sense 
of nausea on the last day. A 4th (Case 27) experienced no dis- 
comfort on effective maintenance levels of this form of thevetin; 
but a 5th (Case 29) had abdominal discomfort on the 3d day and 
nausea and vomiting thereafter. 

Apparently, then, tincture of Thevetia possesses additional 
ingredients which are irritable to the gastro-intestinal tract. This 
seems enough to preclude its clinical use. The objections to the 
alcoholic solution of thevetin are less clearly defined and a much 
larger series of observations is required to answer this question. 
It is entirely possible that both may be found wanting just as were 
squill, apocynum and convallaria by White and his associates. 

Summary and Conclusions. Thevetin, a cardiac glucosid, has 
been isolated from the be-still nuts and its physical, chemical and 
pharmacologic properties established. Of particular promise is its 
digitalis-like action. By biologic assay its potencj'' has been fixed 
as Y that of ouabain. It is likevdse j as toxic. Its action is more 
prompt and less sustained than digitalis. These facts serve as 
guides to its possible clinical applications and limitations. 

The clinical trial of thevetin and other preparations of the be- 
still nuts in a group of 23 patients suffering from cardiac decom- 
pensation has justified certain deductions: 

1. Thevetin and other preparations of the be-still nuts slow the 
heart rate in the presence of the normal conduction mechanism or 
of auricular fibrillation. In a single case of auricular paroxysmal 
tachycardia, no reduction of the cardiac rate attended the use of 
thevetin. 

2. Electrocardiographic studies of patients receiving these prepa- 
rations closel}^ parallel the results of digitalis therapy. Lengthening 
of the P-R interval, inversion of the T wave, deviations of the 
S-T segments and alterations in the Q-R-S complexes are char- 
acteristic. 

3. Compensation is restored and maintained in appropriate cases 
of congestive heart failure. Diuresis occurs in the course of this 
altered circulatory balance. 

4. In the clinical use of thevetin more or less serious conduction 
faults may develop occasionally, even though every reasonable 
precaution has been exercised. This hazard may be minimized, if 
the potencj" and the comparative strength of this glucosid be borne 
in mind when it is used alone or in combination vlth drugs of similar 
action. 

5. The irritant qualities of thevetin apparently deny its avail- 
ability for intramuscular use. 

6. The intravenous administration of thevetin has not been 
attended by e\ddence of local irritation or thrombosis. 
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7. Thevetin affords an added reliable and potent cardiac glnco- 
sid for intravenous use. 

8. Extended study is necessary to determine tire value of pure 
thevetin for oral use. The galenical preparations of defatted ker- 
nels, such as the tincture and the poveder, appear to be clinically 
unsuitable because they frequently cause gastro-intestinal dis- 
turbances such as cramps and diarrhea. 
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(From the Department of Cardiolog>% Rush Medical College.) 

One of the most unsatisfactory complaints with which the physi- 
cian must deal from the standpoint of therapeutics is extrasystolic 
arrhythmia. While most of these cases are not of serious moment, 
in some the extrasystoles may recur so frequently that the resulting 
pulse deficit causes symptoms that demand treatment. A pro- 

* Preliminary report was given before the Chicago Society of Internal Medicine, 
March 27, 1933. 
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longed search has therefore been made for means of affording relief 
to these sufferers. 

Quinin has been used for many years by physicians on account 
of its supposed sedative action on the heart. Oppolzer/ the Vien- 
nese clinician, states, “The best and most powerful factors in dealing 
with heart patients are three: rest, digitalis, and quinine.” Ludwig 
Traube^ added quinin to digitalis to prevent or to relieve the dis- 
agreeable action of digitalis on the stomach. Many other clinicians 
observed that by using digitalis with quinin they could give larger 
doses without getting disagreeable symptoms. 

Although clinicians, for the most part,* seem to ha^’e forgotten 
about quinin, due to the lack of proper indications for its use, and 
also because it was shown experimentally by Santesson^ and by 
Stokvis,^ to have a paralyzing effect on the heart muscle, it was 
recalled to Wenckebach’s attention in 1912 by a Dutch merchant, 
who used it to control his paroxysmal attacks of auricular fibrillation. 
Wenckebach,® in 1914, was apparently the first to record its delib- 
erate use in the treatment of auricular fibrillation. He exploited 
the use of the very quality which had caused the older clinicians to 
abandon the drug. The effects of quinin in fibrillation were dis- 
appointing; however, the depressing, paralyzing action of the drug 
had a very favorable effect on the hjqperactivity of the heart. He 
decided to try this form of treatment in other arrhythmias due to 
hyperkinesis. 

It is well known, that until this time there was no generally satis- 
factory drug or method of treating the most common of arrhythmias. 
Wenckebach,^ in searching for specific drugs against extrasystoles, 
found that strychnin was often of value. However, strychnin, 
independently and alone, at times, was found to be absolutely 
ineffective. He then tried a combination of quinin and strychnin, 
writing in 1923,® “My experience with this treatment since the 
year 1915 has been so favorable that I am convinced that whoever, 
will try it will come to the same conclusion.” 

Stimulated by these observations, Frey,i® in 1918, studied the 
clinical pharmacology of the various cinchona derivatives in patients 
with auricular fibrillation. He found quinidin to be much more 
powerful than quinin; the difference appearing to be merely quanti- 
tative. Finding quinidin to be the most effective therapeutic agent, 
he recommended that the drug in the form of its more soluble 
sulphate be used clinically. 

The drug’s pharmacologic actions on the heart, so far as they are 
at present understood, are as follows;’’* (1) Mild inhibition of 
the vagus; (2) lowered rate of sinus impulse discharge; (3) slight 
decrease in /1-F conduction; (4) lengthening of the refractory period 
of cardiac muscle and slowed conduction therein; (5) lessened e.x- 

* H. Hochhaus'^ in 1907 recommended quinin combined with digitalis or camphor 
in the treatment of extrasystoles. 
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citability of the cardiac inuscle;^^-i®'i® (6) dilatation of the coronary 
arteries. 

Digitalis in toxic doses brings the heart to a standstill in systole; 
quinidin in diastole. In smaller doses, it leads to a definite depres- 
sion of the strength of the heart beat. The principal effect of quini- 
din lasts for only 1 or 2 days. Wiechmann^^ states that excretion, 
principally in the mine, begins promptly and is greatest during 
the first 24 hours. 

Strychnin, in therapeutic doses, according to Sollmann^® is with- 
out effect upon the cardiovascular system. Kikuchi,^® however, 
reports that strychnin produces a marked increase in the absolute 
strength of the frog’s heart. This is in accord with the therapeutic 
results repeatedly observed by clinicians who have given the drug 
empirically as a cardiovascular tonic in spite of contrary opinions 
from experimental work on anesthetized animals. 

White, hlarvin and Burwell-“ incidentally mention the use of 
quinidin in 1 case of premature ventricular contractions which was 
materially aided. Boden and Neuldrch^^ report success in the treat- 
ment of extrasystoles. Smith^- (1921) states: “Drugs do not seem 
to influence their prevalence,” and Rogers, shortly afterv'ard, 
■writes: “ I loiow of no drug which will directly improve this cardiac 
condition.” The following year Smith--* reports the use of quinidin 
in 20 patients with premature contractions. In 10 patients the 
irregularity was eliminated, while in 7 their frequency was dimin- 
ished. Singer and Winterberg^® report favorably, Avhereas Viko, 
Marvin and White,-® in 1923, state: “The data at present available 
are inconclusive regarding the value of quinidine in treating cases 
with premature beats.” Kerr and Bruck^^ report several cases of 
extrasystoles successfully treated with quinidin. Musser,^® in treat- 
ing a considerable series, had very good results in 60% of his. cases 
without noting bad results from its use. Barrier^® was able to 
.abolish them in more than 90% of cases. Bishop®® feels that it is 
of distinct clinical value, and Maynard®* advises its use in the treat- 
ment of these patients. McGuire’s®® experience with 50 cases of 
extrasj^stoles was favorable; if success occurred it was usually noted 
within the first 24 hours. Levds®® states: “The only drug that 
frequently stops extrasystoles is quinidine given in doses of 2 to 
5 grains twice or thrice daily.” He warns that, “Digitalis should 
not be used.” 

Otlier observers have not obtained such good results. Wolferth®* 
believes tliat quinidin has a very limited field of usefulness in the 
extrasystolic arrhythmias. Otto and Gold®® state : “The results of 
our studies indicate that both of these drugs (quinin and quinidin) 
have a limited field of usefulness in the treatment of patients with 
premature contractions and, furthermore, that digitalis deserves a 

* Quinin dilates bloodvessels in general and lowers the blood pressure.-^ Presum- 
ably quinidin has the same effect. 
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more prominent place in the treatment of the premature contraction 
than it has heretofore received.” Korns^® reports a case of paroxys- 
mal tachycardia in which the dose of quinidin required to control 
the associated extrasystoles was too high to he practicable. 

No further reports on the combined use of quinidin and strychnin 
have been found in the literature. 

Case Abstract. A laborer, aged 60, was first seen on August 15, 1931. 
He had had 6 attacks of syncope during the preceding 3 years. The last 
attack, 1 month previously, occurred after an hour’s walk-. It was longer 
- and more severe than usual. These attacks lasted from 15 to 30 minutes 
following exertion such as walking, but had occurred while the patient 
was quietly resting. He usually felt the attack coming on, when everything 
around him would “start swimming around.” As a rule he did not com- 
pletely lose consciousness, although he was unable to move because of 
faintness. Once he fell, injuring his head. Palpitation, following exertion 
and also while Isdng quietly in bed, had been noticed during the previous 

3 years. Weakness and dyspnea on climbing stairs and dull, acliing pains 
in the calves of the legs had been present for 2 months. These were as 
severe in bed as when walking and had frequently kept him awake for 3 or 

4 hours at night. Weakness had been more marked since his last attack 
of syncope. The patient felt that he was becoming progressively worse. 
There were no other complaints. He had had scarlet fever at 21, typhoid 
fever at 37, influenza at 49, and again at 56 years.^ There was no history 
of rheumatism, sore throat, diphtheria or pneumonia. 

The pupils reacted to light and in accommodation. The left pupil was 
slightly notched. The cervical veins were engorged. The chest was fixed 
in inspiration. The lungs were slightly hyperresonant vith transient sub- 
crepitant rflles in both bases posteriorly. There was a palpable impulse 
in the suprasternal notch. The point of maximum impulse of the apex 
beat was not visible or palpable. The lower sternum was resonant. The 
left heart border was 1 cm. outside the midclavicular line in the 5th inter- 
space. The right border was at the right edge of the sternum. There were 
no murmurs; no thrill. The aortic second sound was ringing. The impulse 
at the apex was 64, at the wrist 28 per minute. The rhythm was irregular, 
almost every alternate beat being an extrasystole. Radial and carotid 
vessels were moderate^ thickened. Blood pressure taken at a later date 
was 140/90. All deep reflexes were brisk. There were no other significant 
clinical findings. Wassermann and urine examinations were negative. 
The diagnosis was arteriosclerotic heart disease, cardiac enlargement, 
ventricular premature contractions, type 2b. 

On August 15, 1931, an electrocardiogram was taken. On August 22, 
1931, the patient was given strychnin sulphate, gr. 3 times dailj^ for 
1 week. He felt improved but was still weak with many extrasystoles 
and a pulse deficit of 48j the apical pulse being 80, the radial pulse 32 per 
minute. The strychnin was continued, and in addition he was given 
quinidin sulphate, gr. iii, tunce daily, for another week. On September 5, 
1931, he was definitely improved, the rhjdhm was regular and there was 
no pulse deficit; the pulse being 40 at apex and mist. Continuing 
the quinidin and strychnin for a month-, the rhythm was found to be 
regular with a pulse of 64 at UTist and apex. Another electrocardiogram 
at this time revealed absence of extrasystoles, but left axis deviation and 
myocardial damage were still e\ident. 

The strj'chnin was stopped, but the quinidin (gr. iii, 3 times daily) was 
continued for 2 weeks. By this time, October 17, 1931, the patient was 
ha^^ng considerable shortness of breath, palpitation, and several extra- 
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systoles were noted. He was advised to take both quinidin and strychnin; 
felt much better within 2 or 3 dai^s and, 1 week later, October 24, 1931, the 

« 

Table 1. — Analysis of Data. Case 1. 


Date. 

Compkaint. 

Findings. 

Treatment. 

Remarks. 

1931: 





8/15 

S; W; P; D 

i.ef t heart enlarg. ; 

. Ekg. ordered; no med- 

Ret. 1 wk. 



freq. XS 

i ication 


S/22 

I W; D; P 

Frcq. XS; pulse at 

i S. gr. 1/60 t.i.d. 

Ret. 1 wk. 



apex 64, wrist 28 



8/29 

‘ Ijiipr. but weak 

' Freq. XS; pulse at 

Q. gr. iii b.i.d.; 

Ret. 1 wk. 


1 

apex 80, wrist 32 

S. gr. 1/60 t.i.d. 


9/5 

i Improved 

; Rhythm rcg.; pulse 40 

' (t 

Ret. 2 wks. 

9/19 

' About the same 

1 Rhythm reg. 

It 

Ret. 2 wks. 

10/3 

Stil! weak 

1 Rhythm reg. ; pulse 6 1 

Stop S. cont. Q. 

Ret. 2 wks. ■ 

10/17 

D ; P on exert. ; feels cold 

i Several XS; pulse 72 

Q. cont.; start S., 

Ret. 1 wk. 



1 

gr. 1/60 t.i.d. 


10/21 

Feels much better ' 

1 Rhythm rcg. ; pulse 68 

Q. cont.; start S., 

Ret. 2 wks. 


i 

1 

gr. 1/60 t.i.d. 


11/7 

Feels “pretty good;” 

No arrhythmia: pulse 

Stopped RX. for 7 

Ret. 2 wks. 


P and D occas. 

60 

days 


11/11 

Relapse; D and W i 

Freq. XS 

Q. gr. iii dailv; 

Not seen 


marked 


S. gr, 1/60 t.i.d. 


11/21 

Improved I 

XS present 

' It 

Ret. 1 wk. 

11/28 

Feels much better ' 

XS still present 


Ret. 2 wks. 

12/12 

Feels OK 

Pulse 60; rcg. 


11 

12/26 

Feels better ' 

No XS; pulse 60 


II 

1932; 



1 


1/9 

No Q and S. (or 3 days: 

XS present; pulse 

> II 

11 


' felt bad; began Q. and 

deficit 

i 



S.; feels OK 




1/23 

! Feels OK 

Few XS; pulse 60 

11 

It 

2/9 

a 

« 

« 

11 

2/20 

*1 

1 ** 

“ 

11 

3/5 

14 

1 Pulse: apex 60. rad. 48 

11 

11 

3/19 

« 

! Pulse; apex 72. rad. 60 

11 

11 

12 

Slight D ’ 

[ Pulse 48; freq. XS 

11 

u 

4/1 

Slight D 

i 

K. I, m. X t.i.d. 

Ret. 5 days 

4/9 

Slight D 

i ** 

<1 

Ret. 2 wks. 

4/23 

Precordial pain; mild D; ' 

1 11 

11 

Ret. 3 wks. 


pain in legs ' 




5/7 

Feels fine 1 

Heart reg. 

U 

Ret. 1 mo. 

5/21 

Feels fine . 1 

Heart reg. j 

i 

Ret. 1 mo. 

6/S 

OK except on hot days; 

Occasional XS; iodid ! 

\ 

Ret. 1 mo. 


pains in legs severe 

rash i 



7/16 

' D on exert.; no P 

No XS 

K. I. m. V t.i.d. 

Ret. 2 wks. 

7/30 

' D on exert.; no P 

No XS 1 Add Dig. m. v t.i.d. 

Ret. 1 wk. 

8/6 

Not feeling so well 

XS q. 8 to 10th beat 

Q. gr. iii daily; 

Ret. 1 wk. 




S, gr, 1/60 t.i.d. 


S/13 

Feels much better 

XS about q. 60 beats 

Q. gr. 11 daily; 

Ret. 1 wk. 




S. gr. 1/60 t.i.d. 


8/20 

Feels better 

XS q. 15 to 30 beats 

Q. gr. iii daily: 

Ret. 1 wk. 




S. gr. 1/60 ti.i.d. 


8/27 

Felt bad q. alt, day 

XS q. 15 to 30 beats ' 

Q. gr, iii daily; 

Ret. 2 wks. 




S. gr. 1/GO t.i.d. 


9/10 

Feels very well 

XS q. 120 beats 

Q. gr. ii daily; 

Ret. 2 wks. 




S. gr. 1/30 ait. b.i.d. 





and t.i.d. 


9/18 

Tinnitus; face flushed 

Not seen 

Q stopped; S cont. 

Not seen 

9/21 

Feels OK 

XS q. 120 beats 

Q gr. i q. alt. day; 

Ret. 2 wks. 




t S. gr. 1/30 alt. b.i.d. 





and t.i.d. 


10/8 

Had a cold; many XS 

XS q. 40 beats 

*( 

Ret. 2 wks. 

10/21 

Feels OK 

Still has XS 

U 

Ret. 2 wks. 

11/2 

Tinnitus; face red and 

Not seen 

No Q. and S. for 2 

Felt OK 


hot 


days 

- 

11/4 

Asks for adequate Q. 

No XS; pulse 80 

Q. gr. ii daily; 

Ret, 2 wks. 


and S. 


S. gr. 1/30 b.i.d. 


11/18 

Feels fairly well 

Pulse 76, reg. 



12/2 

Better than in months;' 

Rhythm rcg. 

Q. gr. ii q. a.m. 

H 


walked 2 mi.; felt OK 


S. gr. 1/30 q. P.M. 


12/16 

No XS for 6 wks ; Pt. ‘ 

Rhythm reg. 

' U 

u 


OK 




1933; 





3/15 

‘ No complaints 

No XS at anj' time 

W 

Ret. q. 2 wks. 

lO/lS 

No complaints 

Rare XS detected 

Q. and S. stopped 

Ret. q. 2 wks. 

12/9 

i No complaints 

Rare XS detected 

1 

No medication 

Ret. q. mo. 


S =* Bj-ncopc. W = weakness. P = palpitation. D = dyspnea. XS = extrasyatoles. 
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rhythm was again regular, at a rate of 68. After being.free of extrasystoles 
for 2 weeks he was advised, on November 7, 1931, to stop both the quinidin 
and strychnin for 7 days. He became tired, extrasystoles developed, 
and he finally became so shaky, weak, and short of breath that he “could 
not walk across the room without puffing.” Strychnin and quinidin 
gave symptomatic relief within a week, although extrasystoles persisted 
during the following 3 weeks. The pulse then remained regular for about 
a month. On January 3, 1932, he again tried to stop the quinidin and 
strychnin for 3 days, felt worse, started both drugs again, and soon 
felt much better. However, extrasystoles along with a pulse deficit, 
persisted during the following 3 months. On April 4, 1932, the strychnin 
and quinidin were stopped and the patient was given a saturated solution 
of potassium iodid (10 min. 3 times daily). He was symptomatically 
improved but the extrasystoles, although decreased in frequency, persisted 
for a month. From May 7, 1932, to July 30, 1932, the rhj’-thm remained 

Table 2. — Summakt of Additional Case Histories. 


No. 


Sex. 


Age. 


Symptoms — 
Findings or diagnosis, 


Previous 

treatment. 


2 


M 


10 


Severe headaches; 
dyap.; prec. pain 


Br and KI. 5 
mo3.;no relict 


3 

4 

5 

6 

7 

8 
9 

10 


F 

M 

M 

M 

F 

M 

F 

M 


38 

55 

63 


74 

60 

73 

60 


65 


Diaziness; B.P. 240/ 
150; marked dysp.; 
smothering attacks 

XS q. 3 to 5 beats; 
exam. 14 x during 
9 mos. 

Angina; freq. XS; 
dysp.; EKG. 
showed cor. occl. 

Occas. precor. pain, 
palp.; felt stoppage 
of heart 

Dysp. and si. edema 
of feet; XS q. 3 to 
4 beats 

Epileptic attacks; bi- 
geminy-rate 80 

Dysp., dizzy; fullness 
in chest and XS for 
2 yrs. 

Early heart failure; 
freq. XS; arterioscl. 


Br,ia,MgSO. 

for 3 mos.; no 
relief 

Br, QS, D, and 
Qx; no relief 

D and KI. 2 
wks.;XS per- 
sisted; no re- 
lief 

D for 3 wks.; 
•XS persisted; 
no relief 
D for 15 mos.; 
no relief: Qx 
reduced XS 
Unknown 

D for 6 wks.; 
part, relief; 
XS remained 
ICI for 2 wks.; 
no relief 


11 

12 

13 

14 


F 

F 

F 

M 


1.5 

16 

17 

18 
19 


20 

21 


F 

F 

M 

F 

F 

M 

M 


30 

39 

65 

69 


Occas. attacks XS; 

parox. tachy. 

Mitr. sten.; D intox. 
freq. XS 

Edema def.; dysp.; 

XS: q. alt. beat 
HBp; palp.; XS mis- 
taken fib. 


17 

54 

62 

46 

IS 

63 

63 


Early heart failure; 

nutral sten. 

Pit. obesity; dysp.; 
freq. XS 

Early heart failure 
BMR-48; freq. XS 
Palp, precor. pain; 

rheum, ht.; freq. XS 
Dyspnea: freq. XS 
Prec. pain; dizziness; 
puls, bigem. 


Qx repeated; 

no relief 
No D, 2 mos.; 

XS persisted 
D and Bed, 6 
wks.; no relief 
No.cof.ortob.; 
no relief 

D and KI; no 
relief 

D and Qx; no 
relief 
Unknown 
Unknown 
QD; bed rest; 

no imp. 1 mo. 
D; no effect 
Q, 2 dys,; no 
relief 


Results of ■ 
Q and S. 


Remarks. 


Reg. rhythm 
for 3 wks. 

Reg. rhythm; 
pt. greatly 
improved 
Reg. rhythm 
for 1 mo. 


Rheum, and XS recurred for 6 
wks.; no Q and S and no XS 
14 mos. 

No Q and S, 2 wks.; XS recurred; 
Q and S again controlled XS; 
pt. followed for 2 mos. ' 

Heart reg. when last seen 5 mos. 
later. 


Reg. rhythm; 
def. relief for 
3 wks. 


During and after removal of 12 
teeth, Q and &— no relief— and 
failed to control the XS. 


Reg. rhythm; 
compl. relief 
for 1 wk. 

Reg. rhythm; 
marked relief 

Reg. rhythm 
for 6 mos. 

Rare XS only 
during 1 yr.; 
def. relief 

Reg. rhythm; 
relief 3 mos. 

Q and S 3 dys.; 
relief 

Reg. rhythm; 
relief 

XS less freq.; 
def. relief 

Relief 3 dys.;j 
cont. 3 wks. 

XS dec. freq.; 
def. relief 

XS persists; no 
relief 

XS dec. freq. 

No effect 

Reg. rhythm; 
def. relief 

Reg. rhythm 

Reg. rhythm; 
def. relief 


[Later, during chest cold for 1 
mo., Q and S gave no relief and 
XS persisted. 

Observed smee 4/1/32; Q and S 
first ^ven on 11/29/33; Q and S 
still gives relief. 

Reducing Q and S caused XS to 
recur q. 3 to 6 beats. 

More active later; overfatigue 
then caused XS to recur even 
with Q and S. 

No Q and S, 2 wks.; XS q. 4 to 
5 beats, Q and S agdin con- 
trolled the XS. 

No attacks, 6 mos.; rare since; 
controlled by routine Q and S. 

O^'erfatigue caused XS, even with 
Q and S. 

Periodically for 18 mos.; Q and S 
decreased XS; relief. 

No Q and S, 3 mos.; reg. rhythm; 
mental Btrain=XS: relief by Q 
and S. 

A rheum, heart with marked 
myocardial damage. 

Q and S to toxicity; no relief; 
thyroid mod. also failed. 

Def. impr. obscn’cd, 2 wks. 

Thyroxin cured m^Tcedema. 

Tonsils out; no Jfe, 3 mos.; XS 
recurred; relief by Q and S. 

Def. sjmpt. improvement. 

No Q and S after 2 wks.; had XS 
from D; XS stopped by Q and S. 


Br s= sodium bromid. 

basal metabolic rate. 

D^. (Table 1) or D (Table 2) = Tr. digitaUi 
Elecliocardiogram. 

— Arterial hypertension. 

■ri.1 — Sat. sol. of potassium iodid. 


q. — ever)'. x = tiroes. 

Q = quinidin (Tabic 1) and quinin sulph. (Table 2). 
Qx = Quini^n sulphate (Table 2). 

QD =s Quinin dihvdrobromid. 

Q and S = Quirodin and strj'chnin. 

Kx « Treatment. XS = Extras>'stoles. 




212 


CARTER, tract; 


regular. Tincture of digitalis (5 min. 3 times dailj'-) -was then added to a 

5 min. dose of the iodid. The patient did not feel so well and, a week later 
CA-ugust 6, 1932), extrasj^stoles everj’- eighth or tenth beat were found. 
Both the iodid and digitalis were stopped and he was again given quinidin 
(gr. iii dail}’-) and stryclmin (gr. 3 times dailj^ . Although the patient 
felt improved and extras3’'stoles were less frequent with this medication, 
they were repeatedlj’- noted during the follovdng 3 montlis. On November 4, 
1932, the patient stated that he had “gotten nowhere” during the pre^dous 

6 months. He asked to be put back on an adequate dosage of quinidin 
and strj’^chnin. EQs request was granted. He felt well and onl}'^ rarely 
were extrasj''stoles noticed on biweekly examination , during the following 
11 months. On October 18, 1933, the quinidin and strs’^clmin were 
stopped and on repeated examinations to January 26, 1934, onlj’’ a rare 
extras3’’stole was found. At tliis time he stated that he was short of breath 
and felt as “he did before.” From Februarj' 2, 1934, to March 9, 1934, 
strychnin sulphate, gr. Jj t.i.d., vdth sodium bromid, gr. xv t.i.d., failed 
to give reUef. On March 9, 1934, he was put on routine qumidin and 
strj’’chnin management. He has felt well and no extrasystoles have been 
noted on repeated examinations to December 15, 1934. 

Twenty other patients were given quinidin and strychnin; 8 were 
private patients and 12 selected from a series of 53 dispensarj’- 
cases of extrasj''stoles. The arrhythmia was marked and persistent 
in each case. All had mild to moderately severe sjnnptoms and 
signs due enthelj'’ or partially to extraBj^stoles. Most of them 
had previously tried various drugs without obtaining relief from 
the arrhythmia. Quinidin sulphate (gr. iii) and strychnin sulphate 
(§!■• -gw) tlu'ice daily were routinelj’- administered. Treatment was 
entirelj'’ successful in 16 of these cases. Two cases, 16 and 18, were 
complete failures. In Case 16 quinidin sulphate (gr. x) and strj’-chnin 
sulphate (gr. -j\j-) thrice dailjq for 5 daj's, were finallj'- given w'^ithout 
the extrasj'stoles being decreased in frequencj''. One patient. 
Case 6, obtained complete relief at first, but failed to return regularlj’’ 
after recoverj'^ from his chest cold. One patient. Case 15, was 
sjnnptomatically relieved and had fewer extrasj'stoles after medi- 
cation although the arrhjThmia persisted. 

The relativelj' little interest that has been shown in the treatment 
of premature contractions is perhaps the result of the frequently 
quoted opinions of Mackenzie*^ and Lewis,®® that extrasj'stoles are 
of little practical importance. Frequentlj'^ the patient is reassured, 
the supposed prognostic insignificance of extrasystoles explained, 
and months or j'ears are often allowed to elapse without relief 
being obtained. 

Possiblj’’ the chief factor in preventing the more widespread use 
of quinidin is the number of warnings that have been given regarding 
the dangers of the drug. That these dangers have been overempha- 
sized has been pointed out bj’’ manj’’ clinicians.®®’ ®®’ 

Barrier®® mentions that induction of ventricular tachj'cardia and 
ventricular fibrillation are among the dangers of quinidin therapy, 
a possibility which others have considered.^^- Levy^® advises stop- 
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ping quinidin after the onset of a persistently high ventricular rate. 
That such stimulative effects are unlikely is evidenced by the experi- 
ences of several observers.i^- 42 , 46 . 47 White^® has given an excellent 
summary of the dangers attendant on quinidin administration. He 
states: “Serious accidents can happen during quinidin therapy, 
but they are very rare and, in carefully selected cases, very unlikely.” 
Large doses of quinidin do unduly depress the heart muscle. There 
is no reason to believe that in the small therapeutic dosage used 
here, it would have this effect. The mild depressing effect eHiibited 
by such doses leads to a prolonged interval of rest for the heart 
muscle and is certainly less harmful than the secondary effects of 
the extrasystoles which the quinidin is used to combat. This recalls 
Wenckebach,^® who said : “ Our most useful and valuable drugs are 
poisons when given in sufficiently large doses.” 

In treating auricular fibrillation it was formerly the custom to 
produce a normal mechanism with quinidin, stop the quinidin and 
count those cases that return to fibrillation as failures. That this 
is Avrong was pointed out by Barrier.®® A similar course has fre- 
quently been followed in the treatment of extrasystoles. The quini- 
din and strychnin should not be stopped, but the minimal daily 
amount necessary for the continuation of a normal mechanism should 
be determined for each individual, and this dosage maintained, at 
least, over a considerable period. It is often important to give 
frequent small doses because of the rapid excretion of both drugs. 
Although obviously the most interesting effects of any drug are 
those observed in the treatment of the more severe disturbances, 
as the cases of extrasystoles here presented, quinidin and strychnin 
have proved helpful in controlling extrasystoles in otherwise normal 
as well as in diseased hearts. A tendency of the extrasystoles 
“to escape,” thereby creating a demand for increasingly larger 
doses of quinidin, as noted by Otto and Gold,®® has not been observed. 

The advantages of the combined use of quinidin and strychnin 
in ‘the control of the extrasystolic arrhj’thmias, as suggested by 
Wenckebach, seem to have been underemphasized. We can com- 
pletely confirm Wenckebach’s observations regarding the favorable 
effects of quinidin and strychnin treatment of certain patients with 
premature contractions. 

Summary. A laborer, aged 60, with attacks of dizziness, palpi- 
tation, and syncope for 3 years, weakness, and dyspnea oh exertion 
for 2 months, and findings of moderate arteriosclerosis, pulmonary 
emphysema, engorged cervical veins, slight left heart enlargement, 
and frequent ventricular extrasystoles, has been observed for 
over 40 months. With experimental precision strychnin sulphate 
and quinidin sulphate, were given separately, together, and discon- 
tinued. Potassium iodid alone and in combination with digitalis 
was tried instead of quinidin and strychnin. Together quinidin and 
strychnin gave the greatest freedom from extrasystoles and from 
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sjTnptoms. Under these two drugs his compensation improved. 
Without them, with strychnin or quinidin separately, with iodid and 
especially with digitalis the extrasystoles increased in frequencj’’ 
and his condition was correspondingly worse. 

Sixteen of 20 other patients with mild cardiac decompensation 
due to extrasystoles when similarly treated with a combination of 
quinidin and strychnin showed a favorable response. 

Note. — We wish to thank Dr. Harrj' A. Richter for permission to include 2 cases 
which have been under his care. 
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BARBARA COTTAGE HOSPITAL, SANTA BARBARA, CALIF. 

(From the Department of Cardiovascular Research, Santa Barbara Cottage Hospital.) 


The cardiovascular response to the injection of epinephrin and 
pituitrin in normal persons has been adequately studied, but the 
response to such injections in essential hjqiertension where, aside 
from the question of endocrine imbalance, altered hemodynamics 
prevail, is worthy of study. It would be of interest to know whether 
a consistent qualitative or quantitative variance from the normal 
response obtains in this condition. We wish to report the results 
of such an investigation. 

Method. The response was studied in 40 hospitalized patients ndth 
essential^ hypertension in whom the state of the arteries, the integrity of 
the cardiac and renal function and the lability of the blood pressure were 
knoivn. Of these 25 were females who varied in age from 41 to 80, averag- 
ing 59.2. The 15 males were distributed between the ages of 34 and 80, 
with an average of 60._ The systolic and diastolic blood pressure and the 
pulse rate were determined at 5-minute intervals for 60 min , in each of 32 
of the above patients follovdng the subcutaneous injection of 1 mg. 
(1 cc. of a 1 to loop solution) of epinephrin. The response to the injection 
1 obstetrical pituitrin (Parke, Davis & Co.) was studied in all 
of the 40 patients. Before giving the injection, the basal levels of the blood 
pr^sure and of the pulse were determined. The patient remained prone in 
bed throughout the observation period. All readings were made by a single 
observer. The pulse was counted for a full minute at each 5-minute interval. 
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The blood pressure was read on a mercurj’- sphygmomanometer, and the 
change of sound was regarded as the diastolic pressure level. The site of 
injection was not massaged. 

The Epinephrin Response. The subcutaneous injection of from 
0.5 to 1 mg. of epinephrin in healthy individuals is followed 
inconstantly by a rise in systolic blood pressure, a fall in diastolic 
pressure with increase in pulse pressure, and a rise, in pulse rateh 
These changes may vary in intensity from a reaction which assumes 
alarming proportions to no response whatever, apparently depend- 
ent upon individual differences in the rate ‘of absorption and upon 
the more ill-defined factor of threshold of sensitivity of the cardio- 
vascular apparatus. The frequency with which the typical reaction 
occurs varies so greatly, according to the reported studies on normal 
persons, that a statement of its probable incidence cannot be made. 
In 35 patients with apparently minor functional ailments, Bauer- 
found that 7 did not show a pulse increase over 8 beats per minute, 
and 15 patients did not show an elevation in systolic pressure of 
as much as 10 mm. of Hg. Peabody et al.'^ studied the response in 
27 normal men and in 65 soldiers with irritable hearts. A positive 
reaction, defined as a rise in systolic pressure or of pulse rate over 
10 or 15 points together with subjective symptoms, was not en- 
countered in the first group. In the soldiers with irritable hearts a 
positive reaction occurred in 60%. On the other hand, Jensen,^ 
Schulten et al.,^ Blumgart® and others have observed the occurrence 
of the tjq)ical response quite uniformly in normal individuals. 

The normal variation being so wide, it is not surprising that 
observers are in disagreement as to the interpretation of the response 
in hjqiertension. One group, led by Kylin, believe that the response 
is inconspicuous in this condition, whereas others claim that there 
is a rise in blood pressure of unusual intensity following epinephrin 
injection. Jensen,^ who has conducted the most careful investiga- 
tion, found that his patients with hypertension fell into two clinic- 
ally indistinguishable groups, depending upon their reaction to a 
first and to a second subcutaneous injection of epinephrin. The first 
group did not respond until they were given the second injection, 
after which an intense and prompt increase in systolic pressure 
occurred. The second group of patients responded in a similar 
manner, but to the first injection. He could not explain the lack 
of response to the first injection characterizing the first group. He 
concluded that the response exhibited by the hypertensive patients 
was significantly different from the slow rise and slower decrease in 
pressure found in normal persons. 

In Chart I the average response of our patients, as observed over 
a period of 60 min., is represented graphically. The average systolic 
pressure falls slightly for a period of 35 min., after which it rises, to 
remain slightly above the initial level. The average diastolic 
pressure falls 8 mm. in 5 min., reaching a maximum decrease of 
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17 mm. at 45 min. At the conclusion of the observation period it is 
still 12 mm. below the initial level. These changes produce a pro- 
nounced increase in pulse pressure. The average pulse rate rises 
steadily to an increase of 13 beats per minute at the 60-minute 
period. 


t 



Chart 1. — Averngc cardiovasoular response to epinephrin of .12 persons with 

hypertension. 


Analysis of the individual responses was. not informative. A 
brisk pronounced increase (over 10 mm. of Hg in 20 min.) occurred 
in 5 patients only. There were no clinical characteristics to dis- 
tinguish them from the remainder of the group. In general, the 
nature of the response was independent of previous lability of blood 
pressure, original height of blood pressure, size of heart, and pres- 
ence of arteriosclerosis or detectable renal injur 3 \ 

Pam in the left chest was experienced by 2 patients who clinically 
did not have angina pectoris but whose electrocardio'^rams gave 
e\ idence of myocardial damage. No other subjective sensations 
weie coniplaiiied of by 3.ny ineiuber of the group. 

Mechanism of the Epinephrin Response. In Table 1 the changes 
encountered m the blood pressure are compared with the changes 
m pulse rate. Pall in diastolic pressure was an almost uniform 
hnding and occurred independently of rise or fall in pulse. Fourteen 
patients showed a rise in systolic blood pressure of 10 mm. or more. 
In 1.. ot them, tlie pulse rose 5 beats per minute or more. In only 
V as there a fall in the pulse rate of similar magnitude. In 1*7 
patients responding by a fall in systolic pressure, only 8 showed a 
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rise in pulse rate, while in 7 the pulse was unchanged, and in 2 the 
rate fell. Apparently there existed a degree of parallelism between 
the changes in s^’^stolic pressure and in pulse rate such that a rise 
in pressure was quite uniformly accompanied by a rise in pulse rate, 
whereas in over half of those patients showing a fall in systolic 
pressure, the pulse was either unchanged or likewise fell. These 
findings are in accord with the conception originally stated by 
Bauer,- that two mechanisms are involved in the epinephrin reac- 
tion, namely, arteriolar dilatation causing a fall in diastolic pressure, 
and stimulation of the .heart causing a rise in systolic pressure. 
Furthermore, Schulten et al.^ have recently shown that following 
the injection of epinephrin there is an initial increase in venous 
return to the right heart (which hardly accords with the conception 
of arteriolar constriction), followed by a rise in systolic pressure 
and pulse rate, a pooling of blood in the lungs, and eventually an 
increase in cardiac output. This perhaps indicates that the cardiac 
stimulation is both active, as the direct result of the epinephrin 
itself, and passive, in response to increase in venous pressure. The 
vigor of response could well be altered by decrease in cardiac reserve 
which commonly accompanies long-standing hypertension. We 
suggest this as the ex-planation for the minimal response, as regards 
systolic pressure and pulse rate, encountered in so many of our 
patients. With this possible reservation, Ave Avere unable to conAunce 
ourselves that the cardioA’^ascular response of our hypertensive 
patients to subcutaneously injected epinephrin differed in any 
consistent respect from the normal. 


Table 1. — Relation of Change in Blood Phessubb to Change in Pulse Rate 


Following Subcutaneous In.tection of Epinephrin. 

No. of Pulse rises Pulse falls 

cases. over 5. over 5. 

Pulse 

unchanged. 

Rise, sys. pressure, 10 mm. or more . 

14 

12 

1 

1 . 

Fall, sys. pressure, 10 mm, or more 

17 

8 

2 

7 

No change, sys. pressure .... 

1 

1 

0 

0 

Rise, diast. pressure, 10 mm. or more . 

2 

0 

1 

1 

Fall, diast. pressure, 10 mm. or more . 

30 

21 

2 

7 

No change, diast. pressure , . . . 

0 

0 

0 

0 

The Pituitrin Response. The response 

of the normal cardioA’^ascu- 


lar system to the intramuscular injection of pituitrin has recently 
been studied in detail by Moffat.’' Contrary to AAudespread impres- 
sion and to results obtained in animal experimentation, he observed 
only slight changes in blood pressure and pulse rate of 62 indiAuduals 
obserA^ed oA^er a period of 60 min. folloAAung injection. In general, 
there Avas a slight fall in pressure, affecting primarily the systolic, 
and a consequent decrease in pulse pressure. The pulse rate AA^as 
not appreciably altered. In 3 indiAuduals Avith hjq)ertension, a 
pronounced fall in systolic pressure Avas obserA^ed. 

With the exception of these 3 instances, Ave haA'^e not encountered 
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any study dealing with the cardiovascular response to the injection 
of pituitrin in arterial hjTiertension. 

The average response exliibited by our group of 40 patients is 
expressed in Chart II. Five minutes after injection, there is an 
average rise in systolic pressure of 6 mm., and in diastolic of 4 mm. 
At 20 min., the diastolic pressure has risen 5 mm., near which level 
it remains throughout the observation period. From 20 to 40 min. 
the average systolic pressure falls gradually over a distance of 6 mm. 
after which it returns slowly toward the preinjection level. The 
average pulse pressure is slightlj’- lessened during the period of sys- 
tolic fall. The average pulse rate remains unchanged. 



Chaht II. — Average cardiovaseular response to pituitrin of 40 persons with 

hypertension. 


The individual changes exhibited by each patient were graphed 
in an effort to determine what effect the initial height of the blood 
pressure had upon the response. No consistent trend could be 
demonstrated. Those patients showing either a pronounced rise or 
fall were likewise studied to see if any clinical characteristic dis- 
tinguished them as a group. None could be ascertained. The 
response of tliese same patients to epinephrin was likewise reex- 
amined wherever possible, to see if it differed by any consistent 
particular from that exhibited by the remainder of the group. 
These comparisons proved fruitless. We could not demonstrate 
tliat those patients showing a pronounced reaction to pituitrin 
injection were unduly vigorous or atj^ical in their epinephrin 
response. 
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It is evident that the cardiovascular response to pituitrin in our 
• hj^pertensive series differed in no notewortliy respect from that 
obtained by jNIoff’at in normal individuals. We are not even sure 
that the inconsequent fall in average, systolic pressure and rise in 
average diastolic pressm'e observed in our series were due to pituitrin. 
It might be a chance reflection of the lability of blood pressure 
commonly encountered in hjqiertension ' patients when they are 
observed over a period of time. Since, however, hloffat obtained 
identical results in his patients, the conclusion is probably warranted 
that it was in fact a pituitrin effect. 

Summary. 1. The blood pressure and pulse rate were measured 
at 5-minute intervals over a 60-minute period in 32 individuals 
with essential hypertension who had received a subcutaneous injec- 
tion of 1 mg. of epinephrin. 

2. The average systolic pressure fell slightly over a period of 
35 min. and then returned to the preinjection level; the average 
diastolic pressure fell to a maximum low point at 45 min. and 
remained near that level throughout the remainder of the period. 
The average pulse pressure decreased. The average pulse rate rose. 

3. A degree of parallelism existed between changes in the systolic 
pressure and in the pulse rate of these patients, such that- a rise in 
pressure was usually accompanied by a rise in pulse rate, and a fall 
in systolic pressure by either a lowered or unchanged pulse. Eleva- 
tion of systolic pressure may be primarily the result of cardiac 
stimulation by epinephrin, whereas the fall in diastolic pressure is 
attributable to arteriolar dilatation. 

4. In 40 hjqiertensive patients studied in a similar manner after 
receiving a subcutaneous injection of pituitrin, a slight rise in aver- 
age diastolic pressure and an equjvlly slight fall in average systolic 
pressure, were observed after 20 min. The average pulse rate was 
unchanged. 

5. In the same patient, an unusual response to the injection of 
pituitrin was not necessarily accompanied by a vigorous response 
to epinephrin. 

6. No constant or frequent deviation from the reported normal 
cardiovascular response to the subcutaneous injection of epinephrin 
and pituitrin could be demonstrated in this series of patients with 
essential hjqiertension. 
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MALIGNANT NEPHROSCLEROSIS (MALIGNANT 
HYPERTENSION).* 

By H. E. MacMahon, M.D., 

PROFESSOR OF PATHOLOGY, TOFTS COLLEGE MEDICAL SCHOOL, 

AND 

J. H. Pratt, M.D., 

TROFESSOB OF CUNICAL MEDICINE, TUFTS COLDEGB MEDICAL SCHOOL 

BOSTON, MASS. 

Twenty years have passed since Volhard and Fahr used the term, 
“malignant nephrosclerosis,” synonymously with malignant hyper- 
tension to designate a definite clinical and pathologic disease entity 
involving primarily the heart, blood vessels and kidney. Much has 
been witten in Europe, but less in America, to substantiate the 
existence of such a disease. It is not possible in this very brief 
report to mention the names of all investigators who have shown 
interest in this condition, yet, since the problem is primarily a 
vascular one, it is a pleasure to acknowledge the debt which medicine 
owes to such men as Bright, Johnson, Gull and Sutton, Jores, 
Klotz, Hubner, Volhard and Fahr, and many others who have 
done such important work in the field of vascular pathology. 

The present conception of the vascular lesions of the kidney held 
by clinicians and pathologists lacks both uniformity and clear- 
ness. There appear to be three rather distinct schools of thought: 
first, those clinicians and pathologists who recognize a granular 
or contracted kidney resulting from a primary disease of the small 
arteries and arterioles, and who use the terms, “chronic vascular 
nephritis,” “arteriolosclerotic disease of the kidney,” or “hyper- 
tensive nephritis,” but who do not attempt to differentiate those 
cases which Volhard and Fahr would regard as malignant nephro- 
sclerosis from cases belonging to the much more common disease 
which these same authors have called benign nephrosclerosi.s. The 
second group is much smaller and is comprised of those investigators 
who attempt to differentiate a benign from a malignant type of 
hypertension, but who simply regard malignant nephrosclerosis or 
malignant hypertension as a terminal phase, clinically and patho- 
logically, of a preceding benign vascular disease. A third group 
believes that benign and malignant nephrosclerosis both from a 
clinical and pathologic standpoint may appear as two separate and 
distinct entities; that the malignant nephrosclerosis may become 
superimposed on a kidney already the seat of an adi'anced benign 
nephrosclerosis, but who believe, and this is important, that patients 
who have benign hypertension, even though it progress to renal 

* Presented at the Meeting of The Association of American Physicians, Atlantic 
City, May 2, 1934. 
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decompensation, need never show the clinical and histologic changes 
characteristic of malignant nephrosclerosis. In other words, this 
third group, which constitutes rather a minority, believes that malig- 
nant nephrosclerosis may appear independently as a distinct entity, 
or that it may become superimposed on the benign disease. 

Clinical Findings. The outstanding clinical findings of malignant 
nephrosclerosis are a gradually rising systolic and diastolic blood 
pressure which is maintained far above the normal level and which 
is usually higher than that of benign nephrosclerosis, and tends to 
be more constant than in the latter disease. Associated with this 
hypertension are signs and symptoms referable to the heart and 
blood vessels, particularly the blood vessels of the choroid and retina. 
The heart enlarges, headaches are severe and frequent, and ^^sual 
disturbances are both common and serious, for “ albuminuric retin- 
itis” is extremely important and, as Volhard and Fahr, in 1914„ 
pointed out, it may be the earliest sign of diagnostic importance 
in differentiating malignant from benign nephrosclerosis. As the 
disease progresses the picture changes from what was primarily a 
cardiovascular disease to one in which the kidney changes appear 
to play the leading r61e. These renal signs and symptoms may 
appear in an acute, a subacute or chronic form, and are character- 
ized primarily by an increasing tendency toward fixation of the 
specific gravity at a level of 1.010 to 1.012 (isosthenuria), a polyuria 
that is finally replaced by oliguria, the presence of a considerable 
amount of albumin, a A'ariety of casts and the almost constant 
presence of red blood cells in the urine. As the disease advances 
there appear other signs of renal insufficiency, with an elevation 
of the non-protein nitrogen constituents in the blood and the 
presence of positive indican and xanthoprotein reactions in the urine. 
There is in addition increased pallor, anemia, loss of appetite, and 
loss of weight. If the patient does not die prematurely from cardiac 
or vascular disease, the end will come with uremia. Indeed, in the 
late stages the clinical picture is indistinguishable from that of 
chronic glomerulonephritis, a fact which is substantiated by autopsy 
records which show that apiiroximately 65% of these patients with 
malignant nephrosclerosis die a uremic death. It is interesting at 
this point to mention that edema which is so often a striking feature 
of chronic glomerulonephritis is, in malignant nephrosclerosis, usu- 
ally absent, and if present is almost invariably of cardiac origin. 
This disease is seen, as a rule, in middle-aged individuals. In 
60 cases which came to autopsy the average length of life was 
42 years, and of this group, females were more numerous than males. 

The sequence of events in malignant nephrosclerosis, in which' a 
cardiovascular disease appearing in younger people progresses 
rapidly, terminating fatally by a uremic death, and seldom running ft 
course of more than 2 to 4 years, forms a sharp contrast to the long 
slow chronic course of benign nephrosclerosis seen in elderly people 
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ill whom death most commonly occurs after a period of years 
through myocardial or cerebral injury. 

Benign nephrosclerosis portrays itself throughout its long and 
chronic course as primarily a disease involving the heart and blood 
vessels, while any signs or symptoms referable to disturbances in 
kidney function stand far in the background. There is frequently 
substernal pressure or shortness of breath on exertion and in the 
later stages evidence of chronic passive congestion of the lungs, 
liver and kidneys with or without subcutaneous edema. The 
cerebral signs and symptoms vary from mild headaches, dizziness, 
throbbing, slight visual disturbances and confusion, weariness and 
failing memory, to the more severe cerebral accidents resulting 
from thrombosis or hemorrhage. The course is remarkably slow', 
and for years the patient maj’^ present no sjunptoms attributable 
to his disease or may suffer recurrent cardiac w^eakness. The skin 
is often flushed and an examination of the blood may show' the 
red blood cells in excess of the normal. In some measure it is a 
disease w'hich responds to treatment. The first danger is the heart; 
the second the vessels, either coronary or cerebral, and the third 
danger is a pulmonary complication such as bronchopneumonia. 
The urine show's little change in color, volume or concentration. 
Albumin and an abnormal sediment are usually lacking. In only 
2 of 100 cases did the vascular lesion advance to such a degree as 
to suggest a true renal insufficiency. This benign nephrosclerosis 
is seen most commonly in patients above 50 years of age. In a 
consecutive series of 100 patients wdio came to autopsy, collected by 
one of us (H. E. M.), the ages varied from 40 to 80 years, the largest 
group falling between 60 and 70. 

Anatomic Findings. The findings at the autopsj' table in a 
patient dying of malignant nephrosclerosis may vary considerably, 
depending on whether the patient dies in the early stages of the 
disease from myocardial injury, cerebral injury, rupture of the 
aorta, or a complicating pneumonia, or w'hether the patient dies in 
the late stage wdth all the clinical signs of uremia. Of the 60 patients 
w'ho came to autopsy, 35 died of uremia, many show'ing the classic 
changes with pericarditis, pharyngitis, gastro-enterocolitis, edema 
of the brain and lungs, and a uremic odor to all tissues. Twelve 
of the patients show’ed extensive cerebral hemorrhage, 10 died of 
heart failure, 2 of aortic rupture and others of pneumonia, erysipelas 
and septicemia. There was nothing distinctive about the habitus, 
although the majority w'ere large-boned indi^'iduals varj'ing greatly 
in w’eight. The external pallor so often recorded by the clinic 
corresponds to a diminution in the quantity of blood. The two 
organs showing the most striking changes, and the changes most 
valuable from a^ diagnostic standpoint, are the heart and kidney, 
xhe heart in this series of cases had an average w'eight of nearly 
600 gm., the left ventricle showing a most remarkable concentric 
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form of hj-pertropliy. The kidney is usually of about normal size. 
It may be slightly reduced and finely granular, but more striking 
than the alteration in size of this organ is the congestion of both 
cortex and medulla and the presence of petechial hemorrhages, not 
only throughout the kidney, but also beneath the epithelium of the 
kidney pelvis. 

The findings at the postmortem of patients dying with benign 
nephrosclerosis may be equally variable, but signs of uremia, if 
they do occur, are extremely uncommon. Usually in this benign 
nephrosclerosis there is a plethora and, while the heart and kidneys 
may somewhat resemble those from a patient with malignant 
nephrosclerosis, petechial hemorrhages within the kidney are absent. 
Actually, the difficulty in the differential diagnosis of far-advanced 
malignant nephrosclerosis is not one between this disease and the 
benign nephrosclerosis, but rather one between malignant nephro- 
sclerosis and chronic glomerulonephritis. Patients with chronic 
glomerulonephritis will usually show a moderate hypertrophy of 
the left ^'entricle, but this is seldom to be compared to the extra- 
ordinary hypertrophy seen in malignant nephrosclerosis. It is only 
fair to state that if one is doing an autopsy and knows nothing at 
all of the preceding clinical history, it could well be impossible, from 
the gross anatomic standpoint alone, to differentiate a case of chronic 
glomerulonephritis from one of chronic malignant nephrosclerosis, 
since the pallor, the anemia, the signs of uremia, the hypertrophy 
of the left ventricle and the granular kidney showing petechial 
hemorrhages are common to both. 

Microscopic Findings. The most important histologic changes 
in malignant nephrosclerosis are found in blood vessels, including 
the medium-sized muscular arteries, the small arteries and the 
arterioles. They are found throughout the body, but the most 
marked lesions are seen in the arterial tree of the kidney, and also, 
though to a lesser degree, in the vessels of the pancreas, capsule 
of the adrenal, gastro-intestinal tract, spleen, brain and fundus of 
the eye. There is not simply a single change in these vessels, but 
a variety of changes. There is hypertrophy of the vessels with 
marked thickening of the media and dilatation of the lumina of the 
larger of these vessels. This is often accompanied by a reduplica- 
tion of the internal elastic lamina, and an increase in the connective 
tissue of the intiina and adventitia (Fig. 1). In the smaller arteries 
and arterioles a fluid mucoid material accumulates beneath the 
endothelium which may increase to such a degree as to bring about 
apparent occlusion of the lumen. The endothelial cells of vessels 
showing this change are usually swollen, and occasionally a sub- 
stance is seen within the cytoplasm that takes the same tinctorial 
reaction as the subendothelial mucoid material of the intima. The 
endothelial cells proliferate and enlarge, and become incorporated 
in tins underlying ground substance (Fig. 2). "VSTiere the lesion is 
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older, an organizing process is seen within the thickened intinia, 
fibrils appear within this amorphous ground substance and cells 
beneath the endothelium increase in number, become drawn out 
as spindle-like forms and arrange themselves in concentric layers 
separated by collagen fibrils (Fig. 3). This picture has been gb^sn 
a variety of names, as “fibrosis of the intima, endarteritis oblit- 
erans” and simply “intimal swelling.” It may undergo regressive 
changes in the form of hyaline transformation, or may show con- 



Fig. 1. — Interlobar artery from the kidney of a patient, aged 33 years, dying of 
malignant nephrosclerosis. Note the extraordinary vascular hypcrtrojiliy with the 
greatly thickened media, and the reduplication of the internal elastic lamina. A 
small branch, also showing medial hypertrophy, is soon at one side. 


siderable lipoid material, which is taken up by cells which accumu- 
late in rows and clusters beneath the endothelium. The outcome 
of these changes leads to a narrowing of the lumen which far too 
commonly produces an apparent complete occlusion, a change which 
is frequently assisted by thrombosis of the lumen (Fig. 4). Another 
change found within the smaller arteries and arterioles in malignant 
nephrosclerosis, and quite the most spectacular lesion of the disease, 
is the marked destruction of the entire wall, with fragmentation of 
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the basement membrane, a separation and splitting of the layers 
of the vessel wall resembling a, dissecting aneurysm, a saturation 
of the Avail with red blood cells, plasma and fibrin, necrosis of muscle 
fibers and hemorrhage into the surrounding stroma (Fig. 5). 

In the kidney these Avascular lesions appear most clearly, and 
occur most commonly in the small lobular arteries and afferent 
A'essels to the glomeruli. These hemorrhagic lesions of the A'^essels 



Fig. 2. — Small lobular artery of the kidney. The lumen is apparently obliterated 
through the extraordinary change in the intima. The intima is greatly thickened 
by the deposition of a mucoid ground substance containing few large ovoid cells, 
resembling the swollen endothelial cells at the center. In the more peripheral 
portion of this intimal thickening the cells appear spindle shaped and are separated 
by collagen fibrils. The muscular fibers of the media are replaced by connective 
tissue and ground substance. 


are not merely a terminal eA'ent, for these are found in all stages 
of repair. Endothelial cells and adA^entitial cells, proliferating and 
building intercellular fibrils and ground substance often assume a 
nodular form' which has been described as resembling a small 
granuloma. All of these changes described as occurring AA'ithin the 
arterioles may be found Avithin the capillary tuft of the glomerulus 
as Avell (Figs. 6, 7, S and 9). Very commonly one may trace the 
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changes in the wall of an afferent arteriole directly over into part 
or all of the capillary tuft of the glomerulus; and the glomerulus, 
like the arteriole, may show chronic, fresh, healing, healed and even 
recurrent lesions. The tubules of the kidney instead of undergoing 
simple atrophy and collapse may show varying types of degenera- 
tion and even necrosis (Fig. 10), and the contents of the tubule 
may varj^ from precipitated protein, fibrin, red blood cells, des- 
quamated epithelial cells and polymorphonuclear leukocytes to 



Fig. 3.— Lobular artery of the kidney. It is greatly increased in size. The 
muscular fibers of the media are hypertrophied and form a narrow outer border. 
Most striking is the marked thickening of the intima by a mucoid typo of ground 
pbstance containing few cells and scattered intercellular fibrils. There is no increase 
in elastic tissue in the intima in this vessel. 

little or nothing at all. This destruction of tubules may be very 
widespread and the remainder may show marked compensatory 
hjrpertrophy. In addition to these vascular, glomerular and 
tubular changes, the stroma of the kidney becomes greatly increased 
and shows signs of a chronic resorptive inflammatory reaction with 
foci of lymphocytes and mononuclear cells which are usually grouped 
in foci. 

Mention has already been made of th? difficulty the clinician 



228 :\IAC MAHON, PRATT: MALIGNANT NEPHROSCLEROSIS 

may Have in differentiating benign from malignant nephrosclerosis 
during the early phase of the disease, and of the similarity at this 
stage in the anatomic changes seen in these two diseases at the 
autopsy table. Therefore, it might be well at this point to contrast 
briefly the histologic changes in the vessels in malignant nephro- 
sclerosis with those of the benign disease. The localization of the 
vascular lesions in both diseases is the same; furthermore, the 
changes in the small muscular arteries which show medial hyper- 



Fig. 4. — A lobular artery of the kidney. The normal architecture of the vessel 
wall is replaced by concentric layers of spindle cells and intercellular collagen fibrils 
embedded in ground substance. The endothelial cells are not ^"isible and the lumen 
is occluded by a small fibrin thrombus. 

trophy, intimal elastosis and connective-tissue thickening of the 
adventitia, are in the two diseases indistinguishable, but with this 
the similarity of the two diseases ceases, for in the smaller arteries 
and arterioles of the size of the lobular and afferent vessels of the 
kidney, the changes in the two diseases present a striking contrast. 
In benign nephrosclerosis the most constant findings comprise a 
swelling of the basement membrane of the arterioles which may 
show lipoid degeneration, and a replacement of the muscular fibers 
of the media by connective-tissue cells and ground substance. The 
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lumen of the smallest vessels is somewhat reduced and the wall 
would appear to have lost its ability, not alone to relax and dilate, 
but also to undergo any involuntarj’^ contraction. In the kidney 
this swelling of the basement membrane and, to a less extent, the 
increase in ground substance in the wall of the arteriole may be 
traced to the glomerulus, to the glomerulus capsule and to the 
tubule as well. It is common to find scattered glomeruli that have 
collapsed and appear as eosin-staining nodules of hyaline material. 



Fig. 5. — A small lobular artery of the kidney. The vessel is scarcely distinguishable 
through the extensive destruction of the wall. The lumen is distended with red 
blood cells. The walls of the vessel arc broken and separated by plasma and red 
blood cells. There is a fresh hemorrhage into the surrounding stroma. 

The corresponding tubule, even before the glomerulus shows^ any 
appreciable change, may be quite small, shrunken and collapsed. 
•In malignant nephrosclerosis the arterioles may show all of these 
changes, but in addition there is the accumulation of mucoid 
material in the intirna^ (Fig. 2), the endarteritis (Fig. 4) and the 
hemorrhage and necrosis of the wall (Fig. 5). The destructive and 
inflammatory lesions of the glomeruli (Figs. 6, 7, 8 and 9), tubules 
(Fig. 10) and stroma seen in malignant nephrosclerosis also aid in 
the differential diagnosis. 
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Since it has also been pointed out that in the late stage malignant 
nephrosclerosis, clinically and in the postmortem room, may simu- 
late chronic glomerulonephritis, it is in order here to state briefly 
the differential points in the pathologic histology, especially within 
the kidney, of these two diseases. The most important lesion from 
the standpoint of a differential diagnosis is the change within the 
glomerulus. In a typical well-advanced case of chronic glomerulo- 
nephritis as many as 90% of the persisting glomeruli show varying 



Fig. 6. — Glomerulus, showing a fresh and severe lesion in malignant nephrosclerosis. 
The glomerulus is large and mans^ of the capillaries of the glomerular tuft are over- 
distended with blood. There is rupture of the basement membrane and hemorrhage 
into the capsular space and proximal convoluted tubule. 


stages of an inflammatory reaction, whereas in malignant nephro- 
sclerosis an equally large percentage is usually relatively intact, 
and shows little more than a slight increase in the size, in the number 
of cells and in the ground substance. The remaining 10% may 
show hemorrhages, degeneration, inflammation and repair. The 
changes in the arteries and arterioles of the kidney in claronic 
glomerulonephritis vary to an extreme degree— on the one hand 
are cases in which the vascular tree is unchanged, and on the other 
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hand are cases in which the vascular lesions are identical with those 
of malignant nephrosclerosis, including the medial hypertrophy, the 
lamellar elastosis, the mucoid degeneration of the intima, the 
endarteritis obliterans and, finally, hemorrhage, destruction and 
thrombosis of the wall. In general, however, the vascular lesions . 
within the kidney in glomeruloneplmitis, in contrast to malignant 
nephrosclerosis, play a relatively unimportant role. Much more 



Pig. 7. — Glomerulus, in malignant nephrosclerosis, showing an older lesion than 
Fig. 6. There is marked dilatation of the afferent arteriole as it enters the glomerulus. 
The lumen of the vessels is partially thrombosed. The -wall is saturated with fibrin 
which lies between the damaged endothelium and the stretched and fragmented 
basement membrane. The capillaries of the tuft are thickened by an accumulation 
of ground substance beneath the endothelium. 'While some capillaries are obliterated, 
others are distended with blood. 

important in this consideration than the character of the lesion is 
a comparison of the distribution and localization of the vascular 
lesions in these two diseases. In glomerulonephritis the changes 
affecting the smaller vessels are limited in general to the kidney, 
and especially to the afferent vessels leading to injured glomeruli, 
whereas in malignant nephrosclerosis the vascular lesions are very 
widely spread, not only throughout the kidney, but throughout the 
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body as well. In the tubules one finds little that is helpful in 
the differential diagnosis, as the destruction and hypertrophy in 
both diseases may be the same. Just as glomerulonephritis may 
appear as an acute, a subacute or clu’onic disease, so may malignant 
nephrosclerosis show the same diversity in histologic findings. 

A tjTiical case of malignant nephrosclerosis, or benign nephro- 
sclerosis, or chronic glomerulonephritis will offer little difficulty 



Eig. S. — Glomerulus, showing a still later stage than Fig. 7. There is still some 
residual fibrin in the wall of the afferent arteriole and within the structure of the 
glomerulus. Note the proliferation of epithelial cells of the capsule forming a 
narrow crescent. 


clinically, at the autopsy table, or histologically in establishing a 
diagnosis; but it is the experience of all investigators who have 
made a study of these diseases that Nature does not classify as 
sharply and as clearly as man might wish, for one finds transitions 
between these diseases. The appearance of transitional forms in no 
way contradicts the statement that all three should be considered 
as separate diseases, any more than their occurrence is to be looked 
upon as evidence that all are different stages of the same disease. 
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Etiology. From the standpoint of etiology there are two questions 
to be answered. The first is: how is one to explain these histologic 
changes in malignant nephrosclerosis? The second is; what is the 
primary cause of the disease itself? To answer the first of these 
questions, which involves the histogenesis of the vascular lesions, 
several hypotheses have been advanced. The earliest of these, and 
the explanation given by Fain-, assumes the presence of a toxin 
which directly injures the vessel wall and leads to necrosis and an 



Fig. 9. — Glomerulus, showing an even later stage than Fig. 8. The capillaries 
of the tuft are collapsed and ischemic. The epithelial cells covering the capillaries 
are increased in size and number. There are adhesions between the tuft and the 
greatly thickened layer of capsular epithelium which forms an easily recognizable 
crescent. 

inflammatory change. A second hypothesis, and one suggested 
by "^^olhard, considers the lesions to be the end result of prolonged 
ischemia through contraction of the larger arteries. A third and 
more recent attempt has been made to explain the changes on the 
basis^ of Ricker’s observations bearing on the variability in con- 
tractility of different portions of the vascular tree. It was assumed 
that a stimulus sufficient to cause contraction of one segment of a 
vessel would lead to paralysis and dilatation of the smaller vessels 
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beyond, and this, if continued, would ultimately lead to changes in 
the vessel wall and even to necrosis and hemorrhage. The most 
recent attempt at an e^lanation is that of Schiirmann and Mac- 
Mahon, who consider that an injury to the endothelium, which 
may be very slight or very marked, is really the first and most impor- 
tant change. The endothelium constitutes a barrier between the 
blood and the tissue fluid and, when this is injured, substances from 
the blood may pass into the vessel wall. The quantity and quality 



Pig. 10.— a small group of tubules from the kidney of a patient dying with malig- 
nant nephrosclerosis. The most striking change here is the droplet degeneration 
of the epithelium bordering the tubules. 


of these substances vary with the degree of injury. If the damage 
is slight, these substances may be simply of a fluid nature; if, on 
the other hand, the damage is great and the endothelium itself is 
destroyed, then not only may fluids pass into the wall, but also 
the cellular elements. The change in the blood is almost immediate 
coagulation, whereas the change in the wall varies from a mucoid 
degeneration of the intima to fragmentation and necrosis. 

In an attempt to answer the second question — namely, what^ is 
the cause of the disease itself — we have studied the clinical histories 
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of 60 patients who died of malignant nephrosclerosis. There seemed 
no constant relationship to past disease, to race, to sex or to occupa- 
tion that was of great importance. Occasionally there was a story 
of lead poisoning, and diphtheria appeared in 2 cases shortly before 
the onset of hjqiertension. SjTihilis, including prolonged mercurial 
treatment, has also been reported by Fahr. In addition to these 
external factors in the etiology, comes the probable association of 
some cases with disturbance in endocrine activity. There are 
certain cases of pituitary basophilism associated with basophilic 
adenoma of the pituitary, and also cases of cortical tumors of the 
adrenal which clinically and pathologically show malignant nephro- 
sclerosis. Lastly, there are those cases of malignant nephrosclerosis 
appearing in young women, the subjects of repeated toxemias of 
pregnancy. This apparent lack of any one constant exogenous or 
endogenous factor in the etiology of this disease seems to strengthen 
the impression that the eonstitutional factor, including the age of 
an individual and familial or individual tendencies, plays a very 
important part. 

Summary. Malignant nephrosclerosis from both a clinical and 
pathologic standpoint should not be looked upon as merely a 
progression of benign nephrosclerosis, but rather as a distinct and 
separate disease. It may occur alone or as a terminal complication . 
of the benign disease. In the very early stages, when only the 
cardiovascular signs and symptoms are present, it may be impossible 
not only to say whether one is dealing with an early case of benign 
or malignant nephrosclerosis, but also it may be equally impossible 
to predict into which of these diseases the case will ultimately fall. 
As the disease progresses, the renal component becomes more and 
more conspicuous, and in the late stages it may be impossible 
to differentiate this disease from chronic glomerulonephritis. The 
etiology of benign and malignant nephrosclerosis has probably much 
in common, for one sees cases of clu’onic lead poisoning, pituitary 
basophilism, toxemias of pregnancy and so on, which on the one 
hand may show benign nephrosclerosis and on the other the much 
less frequent malignant disease. The course and prognosis depend 
not alone on the quality and quantity of the exciting agent but 
also in the manner in which the vessel wall responds. Where the 
response is of a simple degenerative nature, the disease progresses 
slowly, the prognosis is good and such cases are classed as lienign 
nephrosclerosis. Where the vascular response is characterized by 
inflammatory changes of the intima, necrosis and hemorrhage, the 
course is more rapid, the prognosis is poor, and such cases are classed 
as malignant nephrosclerosis. 

Note.-— For a complete bibliography sec Fahr, T., hi Handbuch dor sporicllon. 
pathologischen Anatomic und Histologic, Henke and Lubarsch, Berlin, Julius 
Springer, vol. 6, Pt. 1, 1925; vol. G, Pt. 2. 19.14. 
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PARADOXICAL EMBOLISM. 

By Frank J. Hirsciiboeck, M.D., 

DULUTH, MINN. 

(Prom the Department of Medicine, Duluth Clinic.) 

Although embolic phenomenon had been described in the IStli 
^ century and in the early part of the 19th century, the pathogenesis 
' of embolism was not accurately observed until Virchow puWished 
his observations in 1856, which remain a model of scientific ana- 
tomic, experimental and clinical research. Equally important are 
Cohn’s^ book published in 1860 and the writings of Cohnheim in 
1877.* Pulmonary and cerebral embolism now so frequently 
recognized and well understood were then for the first time clearly 
appreciated. 

Emboli in the general systemic circulation supply an interesting 
subgroup in the consideration of embolism in general. They are 
derived directly from thrombi in the left heart associated with heart 
failure or disease of the mitral or aortic valves, and more rarely 
from thrombi in the aorta and large arteries, or from the pulmonary 
veins as a result of pulmonary lesions, such as pneumonia, abscess 
and gangrene, tuberculosis or tumors. 

A small but distinctive group arises in association with thrombosis 
in the systemic ^'eins and embolism in the general systemic circula- 
tion. In these instances the embolus passes from the right auricle 
to the left auricle through a patent foramen ovale, or, very rarely, 
through a patent interventricular septum, as reported by Louis, 
and has been termed a “paradoxical” (Zahn^) or “crossed” (Rostan'*) 
embolism. Cohnheim demonstrated the first instance in 1877, ob- 
serving an embolism of the right middle cerebral artery in a case 
of widely patent foramen ovale and with thrombosis in the veins 
of the lower extremities. Zahn, in 1881, reported the first necropsy 
finding of an embolus in transit, as it were, through a persistent 
foramen ovale. In 1888, Hauser® made a similar observation. 
Barnard,® reporting another instance of an embolus lodged in the 
patent foramen ovale in 1930, cited a total of 8 such instances in 
the literature up to that time. 

The passage of tumor emboli is naturally very rare, but Zahn^ 
reported an instance in 1889, in which there was evidence of the 
passage of a tumor fragment through a patent foramen ovale. In 
regard to the systemic circulation, it is certain that tumor cells and 
septic or infective emboli must necessarily be able to traverse the 
pulmonary capillaries without leaving evidence of pulmonary 
disease. It is therefore doubtful whether tumor formation or infcc- 
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tive eniboli csrricd through the systemic circulation necessitate any 
consideration of a patent foramen ovale as a route of transportation, 
except in the rarest instances. 

About 50% of the instances of paradoxical embolism are associated 
with antecedent pulmonary embolism. A study of the intraauricu- 
lar blood pressure establishes the pressure as somewhat higher 
in the left auricle than in the right, assuring competence as far 
as any circulation of blood from the right auricle to the left auricle 
is concerned in a state of health. An anatomic patency is there- 
fore associated with a physiologic competence. Any disturbance 
in the pressure relationship may favor the development of paradoxi- 
cal emboli when thrombosis in the venous circulation is present. 
Haggart and Walker® experimentally showed that a sudden occlu- 
sion of the left pulmonary artery caused an immediate rise in the 
pulmonary pressure of about 29%, whereas with total pulmonary 
occlusion the pressure increased rapidlj' by 120 to 257% with an 
immediate fall in the systemic arterial pressure. 

Parkinson® reported an interesting instance of a patient who 
developed pulmonary infarction from an embolism during the 
convalescence from an operation. The patient improved for 3 
weeks and then died suddenly following an attack of breathlessness. 
At autopsy the right ventricle was found to be dilated and showed 
some degree of hjTiertrophy, indicating to the observer that a con- 
dition of increased pressure in the pulmonary circulation had existed 
since the first infarction 3 weeks previously. The patient had a 
patent foramen ovale only 0.3 cm. in diameter and embolism of the 
paradoxical tj^ie had not occurred. Hence, though a foramen 
ovale may be present, paradoxical emboli do not necessarily occur 
with increased pressure in the right side of the heart, but the predis- 
position thereto must nevertheless be held in mind. The anatomic 
evidences of increased right ventricular pressure, because of the 
pulmonary infarction, however, were conclusive. 

Patency of the foramen ovale is the commonest of all fetal relics. 
The literature generallj" recognizes the incidence of patency in 
all necropsies as between 30 and 35%. The uniformity of this per- 
centage in the literature is striking. 

It would appear from the literature that the size of the patency 
makes a great difference. In 1 100 necropsies observed by Thompson 
and Evans'® there were 319 instances of patent foramen ovale in 
whieh the opening was only large enough to admit a probe. In 67 
(6%) of the total necropsies, a pencil could be admitted into the 
orifice. The writers^ conclude that it is essential that over one-third 
of the pulmonary circulation be depleted by pulmonary embolism 
to favor the establishment of a parado.xical embolus, "if 50% or 
more of the pulmonary circulation is cut off suddenly by an embolus, 
death results within 10 to 30 min. Also, when pulmonary embol- 
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ism results, sufficiently extensive to raise the pressure in the right 
side of the heart and yet not so extensive as to produce sudden death, 
a further embolus must aprive in the right auricle from the venous 
system to produce a paradoxical embolus, necessarily a reduced and 
rare coincidence. If the embolus represents a cast of the lumen of 
one of the larger systemic veins, a foramen ovale must be patent 
to a size commensurate with the passage of an embolus of such size. 
The rarity of the condition can thus be appreciated and probably 
accounts for the scarcity of any articles in the literature. Death, 
evidently, not uncommonlj’- ensues if the newly arrived embolus 
becomes lodged in the foramen, as the 9 reported cases show. 

Diagnostically, paradoxical embolism may be assumed as occur- 
ring in life if the patient is the subject of venous thrombosis, develops 
an embolus in the systemic circulation and, after a careful search, 
has no other apparent causes for arterial embolism. If pulmonary 
infarction precedes the embolic accident, the diagnosis is more 
certain. 

Case Report. Mrs. M., aged 74, a widow, domestic by occupation, 
entered St. Mary’s Hospital April 16, 1934, and died April 30, 1934, under the 
care of Dr. R. M. Mayne. 

Present complaint is acute pain in the right lower quadrant of the abdo- 
men associated with hernia and accompanied by vomiting. _ This pain 
began at 7 p.ji., April 16, 1934. There had been several previous attacks 
of hernial strangulation in the right lower quadrant reduced by a nurse at the 
Home where she resided, but this time the effort proved unsuccessful. 

Physical Examination. The patient was well developed, well nourished. 
Examination of the head and neck was negative. TJie chest examination 
was normal except that there was a blood pressure of 170 systolic, SO diastolic 
with a slight heart enlargement. However, the sounds indicated no abnor- 
mality. The abdominal examination was negative except for the strangu- 
lated hernia. The urine was normal, with occasional red blood cells. The 
patient was operated upon by Drs. W. G. Strobel and R. M. Mayne at 11.55 
P.M., April 16, 1934. A sac containing small bowel and omentum was found, 
TOth the bowel apparently gangrenous for about 6 inches of its length. 
Two ileostomy tubes were inserted and the ileum exteriorized, but at the 
time of closure the ileiim was dropped back into the abdomen vith the 
tubes in siUi, as the color of the loop apparently had been restored. The 
operation was performed under spinal and gas-ether anesthesia. 

On April 17 the patient had an oxygen tent used and nasal decompression 
begun. The condition was good, but the postoperative temperature was 
102.4'’ F., no doubt due to the septic factor. On the 18th the temperature 
was 101°. On April 21 the patient appeared to be quite well except for 
some disorientation, temperature 102°. On April 22 it was found that the 
dressing was soaked mth fecal matter and evidently a fecal fistula had 
formed. Temperature was 102. ° The face was rather dravm. On April 29, 
at midnight, the patient had rapid respiration, mth the pulse regular, but 
the general appearance was very bad. Temperature 102°. Breatlung 
became very shallow and the patient died at 12.35 a.m., April 30. 

The postmortem performed by Dr. George Berdez at 2 p.m., April 30, 
1934, revealed the following essential data; (1) Some edema of the ankles, 
especially on the right side. (2) An enterostomy wound with a fecal 
fistula and escape of gray-greenish mucous material. The peritoneal cavity 
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contained no exudate and the serosa was smooth. Beginning gangrene of 
a loop of the small intestine about 1^ feet above the iliocecal valve. (3) 
The pulmonaiy artery contained a large twisted embolus measuring 0.9 cm. 
in diameter. (4) The heart contamed some partially clotted blood. The 
foramen ovale was patent to the size of a pencil and a large embolus was 
caught passing from the right into the left auriele through the foramen. 
An embolus measuring about 3 cm. in length had entered the cavity of 
the left auricle, but was firmly caught in the foramen by its proximal end. 
The pathologist thought the embolus to represent a cast of the iliac or 
femoral vein. The heart weighed 370 gm. The coronary arteries showed 
arteriosclerosis Grade II, the myocardium showing a few small areas of 
fibrosis. The mitral and aortic valves were slightly thickened. Left lung 
weighed 280 gm. The right lung weighed 380 gm. In the posterior part 
of both lower lobes there was an area of congestion and atelectasis. Several 
small recent pulmonary emboli in the branches of the pulmonary artery, 
especially in those leading to the atelectatic areas. The bronchi contained 
little mucous material. (5) Spleen normal. IQdneys slightly irregularly 
granular. The capsules somewhat adherent. A serous cyst 3.5 cm. in 
diameter in the upper part of the left kidney. Liver weighed 1150 gm. 
Gall bladder slightly thickened and fibrous. Bile ducts patent. Pancreas 
normal; stomach normal. Intestines. normal except for the area about the 
site of the operation. 

Anatomic Diagnoses. (1) Massive puhnonarj’' embolus; (2) patent 
foramen ovale, embolism in the patent foramen ovale; (3) partial atelec- 
tasis of the lower lobes of both lungs; (4) calcified hilus glands; (5) solitary 
serous cyst of the left kidney; (6) arteriosclerotic kidney; (7) arteriosclerosis 
Grade II of the aorta; (8) edema of the ankles, especially the right; (9) 
status after enterostomy. 

Summary. 1. The question of paradoxical embolus and its 
incidence is discussed because of its rarity and the paucity of articles 
on the subject in the American literature. 

2. Reference is made to the occurrence of emboli lodged in the 
foramen ovale at the time of death and the mode of production of 
paradoxical emboli considered. 

3. The case report is illustrative of the sequence of paradoxical 
emboli in the systemic circulation subsequent to venous thrombosis 
and in association with antecedent pulmonary embolism. It 
represents one of the rare instances in which an embolus is found 
“in transit” through the patent foramen ovale at the time of death. 

REFERENCES. 

1. Cohn, B.; lOin. d. embol. Gefasskr.mkh., Berlin, 18C0. 

2. Cohnheim, J.: Allgem. Path., Berlin, 1, 134, 1877. 

3. Zahn, F. W.; Rev. med. de la Suisse, 1, 227, 1881. 

4. Rostan, A.: Th6se de Geve, 1884. 

5. Hauser, G.: Miinchen. med. Wchnschr., 35, 583, 1888. 

G. Barnard, W. G.; Quart. J. Med., 23, 305, 1930. 

7. Zahn, F. IV.; Virchow’s Arch. f. path. Anat., 115, 71, 1889. 

8. Haggart, G. E., and Walker. A. M.: Arch. Surg., 6, 704, 1923. 

9. Parkinson, J.: Quoted by Thompson and Evans, Ref. 10. 

10. Thompson, T., and Evans, W.: Quart. J. Med., 23, 135, 1930. 



240 


ELLER, SCHONBERG: 


METASTATIC MELANOCARCINOMA WITH APPARENT 

RECOVERY.* 

By Joseph Jordan Eller, M.D., 

ASSISTANT PROFESSOR OF DERMATOLOGY AND SYPHILOLOGY, 

AND 

Irving L. Schonberg, M.D., 

CLINICAI. ASSISTANT OF THE DEPAKTMENT OF DERMATOLOGV AND SYPHII/OliOGl’, NEW 
YOKE POST-GRADUATE MEDICAL SCHOOL, NEW YORK CITY. 

(From the Department of Dermatology and Syphilology, New York Post-Graduate 
Medical School and Hospital of Columbia University.) 

The following case of microscopically proven, rapidly growing 
melanoma is herein reported, because of its unusual clinical course 
and favorable response to therapy. 



Fig. 1.— Melanocarcinoraa developing in an irritated blue-black liiole, May 8, 1929. 

Since Laennec first described melanoma in the human in 1806, 
there has been much controversy regarding the genesis and treat- 
ment of this condition. Some clinicians believe that this condition 
should be left untreated; others that various methods, such as 
Roentgen rays, radium and surgery should be instituted. Cases 
have been reported without recurrence in which different methods 

* Published by courtesy of Dr. R. Franklin Carter from the Surgical Department 
of New York Post-Graduate Medieal School and Hospital; from the Dermatological 
Department of New York Post-Graduate Medical School and Hospital. Dr. George 
M. MacKee, Director. 
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of therapy had been employed. In any event the progress of differ- 
ent cases may vary greatly. 

The following is a case of melanocarcinoma of the skin of the back 
with metastasis in the supraclavicular space. It had grown rapidly 
in the month preceding operation. Treated radically by surgery, 



Fio. 2. Extent of excision. In spite of this lymphatic metastases occurred. 

Operated July 19, 1929. 
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Fjg, 5. — Postoperative, January 6. 1934, 
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Roentgen ray, and radium therapy, it has shown no recurrence 4^ 
years after treatment. 



Fig. G. — V-sliapecl exposure for removal of glands after closure. 



Fig. 7. — Preoperative. Melanoma on left cheek, June 10, 1929. 


Case astory. The patient, a female, aged 19 yeai-s, had always enjoyed 
good health. In 1929 she stated that for 4 j^ears there ivas a “black spot” 
about the size of a pinhead situated in the left scapular region. She observed 
that this had become irritated as a result of continued rubbing of the 
shoulder straps and had growi noticeably. A physician removed the grovdh 
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with an electric needle June, 1928. Three weeks later the growth reappeared 
and grew more rapidly. 

In May, 1929, our examination revealed on the left scapula a bro^™ish, 
pigeon-egg-sized, papillomatous grov,i,h which bled easily. By means of the 
electrocautery knife we excised an area of skin, subcutaneous tissue, and 
fat 6 inches in diameter, leaving muscle tissue exposed. An application of 
radium was then applied to the affected area. 

One month later an enlarged cervical node on the left side was removed 
for biopsy. The patholopc examination by Dr. Nicholas M. Alter revealed 
"metastatic melanocarcinoma of the Ijunph node.” Two Roentgen ray 
treatments (filtered) were applied to the cervical nodes. 

On July 19, 1929, Dr. R. Franklin Carter performed a plastic operation. 
He reported : “ At the time of operation, examination revealed a large 
ulcerated area over the supraspinal space of left scapvda, approximately 
2 or 3 inches in size with numerous hard nodes in the inferior deep cervical 
region, nodes freely movable. Just below the angle of the mouth, left 
side, there was a dark papillomatous groivtli.” 



Eig. S. — Postoperative, January 0, 1034, site of check lesion. 

) 


Oyeraiion. "Area of ulcer on back excised by triangular incision with 
base toward the arm, 6 by 7 inches. All tissue excised dotvn to muscle. 
This space was filled by sliding an equal area from below the dress line into 
the area of excision. The lower space was covered with a Thiersch graft.” 

Second Operation . “ Five days later, block dissection of the nose and left 

side of omohyoid group and all inferior deep cervicals and excision of tumor 
from left cheek which had been recently growing larger and becoming 


Following the operation the patient's wounds healed readily, except the 
spaces between the Thiersch graft. Pinch grafts were used to fill in these 
areas all of which finally healed. Keloid formation grew rapidly in all the 
scars and was subsequently treated by Roentgen rays. There was no post- 
operative Roentgen therapy directed toward possible metastasis. 

Dr. Alter’s pathologic report of tissue removed from the back by Dr. 
Carter revealed "benign chronic ulcer.” The nodes of the neck on section 
presented melanocarcinoma. The mole from the left cheek proved to be 
" melanocarcinoma .” 
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Following the operation Dr. Carter noticed a rapid enlargement of rnany 
brown moles of the usual congenital tj^ie. These assumed characteristics 
which were suspicious of malignant change. However, as the patient’s 
wound healed, there was a noticeable regression of the moles. The}^ resumed 
a quiescent appearance, becoming smaller and flattening out. 

The patient was examined by me on January 6, 1934, at wdiicli 
time there w'as no evidence of metastasis. The wound had healed 
entirely and there was no evidence of a recurrence. The other moles 
present have retained their innocent appearance. 

Summary. The interesting features in this case are: 

1. Rapidly growing melanocarcinoma with metastasis to adjacent 
glands demonstrated microscopically. 

2. Peculiar flare-up after removal of tumor and lymph nodes of 
pigmented moles on various parts of body with recession without 
treatment. 

3. Appearance of melanocarcinoma on left cheek which was 
removed surgically without recurrence. 

4. Patient has gained weight and has had no recurrence in 4^ 
years. 


MULTIGLANDULAR SYNDROMES RESEMBLING SIMMONDS’ 
DISEASE, WITH CASE REPORT. 

By Albert Weinstein, M.D., 

IlESIDENT PHYSICIAN, VANDERBILT UNIVERSITi’ HOSPITAL, 

NASHVILLE, TENN. 

(From the Department of Medicine, Vanderbilt University School of Medicine.) 

The clinical syndrome of pituitary cachexia defined by Simmonds,i 
in 1914, has been described infrequently since that time. A recent 
rewew by Calder,^ in which he abstracts the detailed report of 37 
cases by Gaubner,^ in 1924, and reAuews the cases published since 
1924, would indicate that a total of 70 cases are oh record. How- 
ever, in 1933, in a more critical review, Silver could find but 41 cases 
which he judged on the basis of autops;\- data to be examples of the 
syndrome. It is noteworthy that only 7 cases (Nos. 4, 5, 6, 7, S, 
9, 10) are reported in the English literature and, of these, only 3 
(Nos. 5, 7, 8) were proved by autopsy data. Accordingly, it seems 
desirable to place on record examples of this clinical picture, 
particularly when postmortem findings are available. 

Clinically the syndrome is seen in women in about 70% of the 
reported cases. It is characterized by weakness, marked loss of 
weight, loss of hair and teeth, trophic changes in the skin, gastro- 
intestinal atony, achlorhydria, low blood pressure, lowered body 
temperature, low pulse rate and a markedly lowered basal met- 
abolic rate. In both sexes there are strildng disturbances in sexual 
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function, with loss of libido and potentia, with failure of spermat- 
ogenesis in the male, and amenorrhea in the female. There is 
usually a moderate secondary anemia and a well-marked eosino- 
philia. The patients are apathetic and easily exliausted. Mental 
disturbances^ are common and may dominate the clinical picture. 
Hypoglycemia i.s the rule. The disease runs a progressive course 
ordinarily, but may be remittent, and authentic cases, untreated, 
have lived as long as 44 years following the development of symp- 
toms. 

Pathologically there is a destruction of the anterior lobe of the 
hypophysis with secondary atrophic changes in the thyroid, supra- 
renal cortex and gonads, and with a decrease in the size of the 
thoracic and abdominal wscera. There may be a simple fibrosis 
of the anterior lobe with almost complete loss of cellular substance 
or the destruction may be secondary to tumors, cysts, syphilis, 
tuberculosis or trauma. 



Fig. 1 . — Patient in 1928 . 


Case Report. (Unit No. 55925.) The patient was a farmer (white), aged 
27, native and resident of Tennessee. He had always enjoyed excellent 
health until 1930, when he contracted an ulceroglandular type of tularemia. 
He remained in bed for a month because of weakness, but soon aftenvard 
recovered his normal vigor. In 1932, he developed an infection of the 
right hand which was associated with fever and weakness. .Mter a period 
of 1 montli, the lesion was incised and healed -within a short time. He felt, 
however, that he never regained his strength. His wife stated that he 
began to show personality changes at that time. 

In Januarj'-, 1933, he had an illness interpreted as being influenza. He 
then began to fail, losing iveight and feeling quite worn, and noted dull 
frontal headaches. There were periods of fever, nausea and -j'^omiting. 
He soon became bedridden. He noted that he felt cold even dunng warm 
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weather. Tlie hair of the pubis and axilla; became thin, and ho was able 
to go for longer periods of time without shaving. Libido and potentia 
w'ere lost. 

He had been married for 4 years. His wife was living and w’ell and there 
had been no pregnancies, although contraceptive measures were not em- 
ployed. His forebears had usually been in good health. 

The patient w'as admitted to the medical wards on Ma}" 24, 1933, for a 
period of 17 days. Little improvement followed and according^ he 
returned on June 29 and remained until the time of his death, on October 




Eio. 2.— August 10, 19.33. 


Fig. 3. — f?eptenibor 20, 19.3.3. 


10, 1933. The observations obtained during the 2 admissions maj-^ be 
summanzed^as follows; emaciation w'as conspicuous; in January, 1933, he 
W'cighed 137 pounds (62.3 kg.), his average weight; at the time of his 
admission m May, 107 pounds (48.7 kg.) ; on June 29, 102 pounds (46.4 kg.) ; 
and at the time of his death, in October, 71 pounds (32.3 kg.), representing 
a total loss of 49% of the body weight. He ei-entually became so weak 
tliat he had to be aided in turning in bed (Figs. 1 to 4). The pulse rate 
was 40 to 60 per minute, and the body temperature was also 

lowered 9i to 98 F, by rectum. There were frequent bouts of fever, 
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100 to 101° F., associated -with an elevation of the pulse rate to SO to 100. 
The skin was sallow, thick, vTinkled and inelastic. There was complete 
loss of axillarjf hair, marked thinning of the crines and beard, and the 
hair of the scalp was dry and coarse. There had been a loosening of the 
teeth, even the non-carious ones, but there w'as marked Vincent’s infection 
of the gums. There was no general or local enlargement of Ijnnph glands. 
The tlwroid could not be felt. The lungs Avere clear to physical and 
roentgenologic examination. Examination of the heart revealed an ex- 
tremely small organ; there were no auscultatory abnormalities, and the 
electrocardiograms Avere normal. The abdominal contents seemed normal 
in size and this impression AA'as confirmed by Roentgen ray examination 
of the gastro-intestinal tract. The testicles Avere atrophic and the prostate 
AAns Amry small. No spermatozoa AA'ere noted in the prostatic secretion. 



Fig. 4.— October 4, 1933, 6 days before death. 


The neurologic examination revealed no strildng abnormalities. The 
Adsual fields were normal save for a general constriction of tiie right field 
found at a single unsatisfactory examination which could not be checked, 
due to the patient’s poor condition. He liad frequent attacks of mental 
upsets, characterized by disorientation, delusions and liallucinations. The 
blood pressure was 90 systolic and 60 diastolic. 

Laboratory examinations shoAA'ed a moderate secondary anemia, red 
blood count of 3,.500,000 and hemoglobin 10 gm. The total white blood 
count was normal, but there AA'as a definite eosinophilia AA'hich varied 
between 5 % and 40%. SupraAutal and cell volume studies did not shoAV 
further abnormalities. Repeated examinations of the stools revealed no 
parasites, and a biopsy of a lumbar muscle showed no trichina. The 
urine volume was not abnormal, and the specific gravity varied betAveen 
1.003 and 1.012. There Avere no abnormal constituents of the sediment, 



Fig. 5. — Adrenal cortex, showing vacuolization of the cells. H. and E. X 450, 



Fig. C.— Prostate, showing the small acini and the flattened epithelium. H and E 
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and the tests for sugar and albumin were negative. Kidney function tests 
were normal, blood non-protein nitrogen was 25 mg. % and the phenol- 
sulphonephthalein excretion was 55% in 2 hours. _ There was a fastmg 
achlorhydria, but following the injection of histamin (0.5 mg.) there was 
a free acid content of 25 and a total of 36 cc. of sodium hydroxid. Roent- 
gen ray examination revealed a normal stomachy and intestinal tract. 
Basal metabolism studies gave readings which varied between _ 35 %• and 
42% below normal. The respiratory quotient was 0.67. It is important 
to note that the basal metabolic rate was —34% before undernutrition 
became prominent. The fasting blood sugar was always low, 55 to 65 mg. %, 
and there was increased tolerance to ingested glucose. The blood calcium 
of 11.6 mg. % and the phosphorus of 3.6 mg. % were normal. Total serum 
protein was 6.24 gm. per 100 cc., with a normal albumin-globulin ratio. 
Blood cultures were sterile repeatedly. Agglutinins were present against 
B. tularense in dilutions of 1 to 640, but aU other agglutination were 
negative. The Wassermann reactions on the blood and spinal fluid wctc 
negative. He was not allergic to intracutaneous injections of old tubercul^. 
The stereoscopic plates of the skuU showed an enlarged sella turcica with 
thinning of the posterior clinoid processes and with evidence of pressure 
on the floor of the sella. These signs were interpreted as indicating the 
presence of a pituitaiy tumor. 

The chnical impression was that the patient had anterior pituitary 
cachexia (Simmonds’ disease). 

An attempt was made to better the nutrition by injections of insulin, 
but he reacted so markedly, with the usual signs of hyi)oglycemia, even to 
small doses that they had to be discontinued. IVhen given small amounts 
of thyroid extract, 90 mg. daily, the basal metabolic rate rose to -}-4%. 
At tliis level he was so uncomfortable that this medication was stopped; 
as the basal rate dropped he became comfortable again. He was also given 
10 gm. of sodium chlorid a day because of possible suprarenal insufficiency. 
Specific substitution therapy was attempted. Saline suspensions of fresh 
hog pituitary, 1 mg. of which would cause o^'ulation in the rabbit, were 
prepared daily by Dr. Wolfe, of the Department of Anatomy. The patient 
was given 200 to 400 mg. of the material subcutaneously, daily for a week, 
with no recognizable effect. He was then given, subcutaneously, 10 cc. of 
follutein, a sex-stimulating hormone, furnished by E. R. Squibb & Sons, but 
no response followed, and he died 8 days after these injections were begun. 

The report of the postmortem examination, performed 20 minutes after 
death by Dr. J. R. Dawson, Jr., is as follows; 

The body is that of an extremely emaciated white male. It is stiU 
warm, and there is no lividity of the dependent parts. The skin is dry, 
loose and inelastic. The hair is coarse and dry; there is hardly any beard; 
the pubic hair is scanty; the axillary hair is absent. The penis is of normal . 
size. There is an almost complete absence of subcutaneous fat. 

^ All of the serous surfaces are everywhere smooth, free, pale and glistening. 
There is no free fluid in the abdomen, and the viscera are normally disposed. 
They are decreased in size to a moderate degree. 

The heart ^ very small and weighs only 175 gm. The myocardium is 
dark brown in color and extremely flabbj’’. The left ventricular myo- 
cardium measures 1.2 mm. and the right 0.3 mm. The pericardium, endo- 
cardium and valves are all normal. 

'^be right lung weighs 300 gm. and the left 220 gm. No gross abnormali- 
ties are noted, other than areas of induration. 

.The gastro-intestinal tract is normal save for moderate congestion and 
dilTuse melanosis. 


The_ liver weighs 1070 gm. The parenchyma is 
necrosis. The gall bladder and bile ducts are normal. 


brown; there is 


no 
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The spleen weighs 100 gm. The Malpighian foUicles are indistinct. 

P small and weighs 65 gm. The lobules seem to be normal. 

• weigh 4 gm. each. They are obviously decreased in size 

in all dimensions. On section the cortex is scarcely 1 mm. thick is ex- 
tremely yeUow and moderately opaque. The medulla is also increased in 
amount. No fibrosis is noted. 

The right kidney weighs 127 gm. and the left 145 gm. There is moderate 
congestion present. The pelvic, ureteral and bladder mucosie are edematous 
dull, congested and tliick. 

_ The prostate is uniformly reduced in size. Tliis is due chiefly to a decrease 
m the epithelial component without appreciable fibrosis. 

Each testis weighs 10.5 gm. The tunic is not thickened. The tubules 
do not string out. 

There is no isthmus to the thyroid gland. Total weight of the 2 lateral 
lobes is 20 gm. The tissue is firm and brovm, and on section little colloid 
is present. 

The parathyroids cannot be located. 

The brain seems to be covered with normal dura, and the sinuses are 
normal. . Focal grayish areas of thickening are seen in the pia arachnoid 
on the convexity of the brain and over the base. No superficial hemor- 
rhages are noted. On section the lateral and third ventricles are seen to 
be moderately, but definitely, dilated. The foramina of Monro are simi- 
larly involved. The ependyma appears granular. The fourth ventricle 
is normal. 

The pituitary gland lies in its normal position. It weighs 0.432 gm. 
Its capsule is definitely thickened. No division between the lobes is 
apparent. No degenerative lesions or tumefaction is noted. Fibrosis is 
not apparent grossly. 

Microscopic notes; There is a bronchopneumonia present. The myo- 
cardial fibers are smaller than normal, and the liver and spleen are not 
remarkable. 

No lesions are seen in the pancreas. There is no decrease in size of the 
islands of Langerhans. The acini in some instances are smaller than 
normal. 

The cortical cells of the adrenals are vacuolated. Within these vacuoles 
are fine reddish granules. No other lesions are noted (Fig. 5). 

The acini of the prostate are unbelievably small. The epithelium is 
very flat, and there is httle secretion. There is no increase in fibrous 
tissue (jFig. 6). 

Testes show complete atrophy of all interstitial cells without fibrosis 
(Fig. 7). . ^ ^ 

The thyroid alveoli are moderately decreased in size and are lined by 
very fiat epithelium, but the coUoid is normal in amount and appearance. 
No evidence of inflammatory reaction is seen. Parathyroid tissue was not 
seen in the blocks of tissue studied. 

Examination of the brain by Dr. E. W. Goodpasture; 

“Involving the region of the base of the third ventricle and extending 
into the hypophysis is an invasive, superficial, diffuse tumorous growth 
of large oval round or polygonal cells with vesicular nuclei and abundant 
well-defined cytoplasm, often discrete, not infrequently in loose groups 
which are intimately related in their groMh mth the ependyma, beneath 
and in which it is chiefly recognizable, infiltrating superficially into the 
surrounding brain tissue. There is much inflammato^'- almost granulo- 
matous reaction associated with the growth. Mitotic figures are not 
numerous, but present. Large tumor giant cells are not infrequently seen. 

“The grovdh extends, perhaps continuously, although grossly imper- 
ceptible, from the third ventricle beneath and in the ependyma back to the 
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floor of the fourth ventricle in the medulla. In places, especially the last- 
mentioned, the cells have the appearance of neuroglia nith a few of the 
discrete cells intermingled, _ , , . j i.i 

“It is this tumorous growth which involves the hypophysis and partly 
destroys it. It is responsible also for the moderate internal hydrocephalus, 
probably narrowing the Aqueduct of Sylvius. _ ... , , . 

“As to its nature I am not at all certain, but owing to its mtunate relation 
with the ependyma, its spread beneath it to distant parts, and the apparent 
transitions in form between epithelial-like, discrete cells to coarse neuroghal 
cells, I am inclined to a diagnosis of an Ependymal Glioma” (Eig. 8). _ 

The pituitary gland was studied by Dr. J. Wolfe. After fixation in 
Regaud's fluid for 24 hours the gland was halved in_a sagittal plane and 
then fixed for a further period of 4 days, after which it was postchromated 
for 8 days, washed in running water for 24 hours, dehydrated and embedded 
in paraffin. Both portions were cut in serial section in the horizontal 
plane. The right half of the gland was entirely destroyed, including 
posterior, intermediate and anterior lobe. The globular cells were replaced 
by a coarse connective tissue. The left portion of the gland_ was essentially 
normal. Cell counts were made on 11 sections at definite intervals apart. 
The eosinophils averaged 32%, the basophils 7% and the chromophobes 
61 %. All cells were normal. 

Considering the gland as a whole, approximately 35% of the anterior 
lobe material was n^orphologically normal (Fig. 9). 

Pathologists’ conclusions; There is atrophy of the testes, prostate, 
seminal vesicles and thyroid without extensive fibrosis. The pituitary is 
invaded by a tumorous gro\vth, probably an ependymal glioma. The 
prostate and seminal vesicles are of the type seen in the castrate. The 
viscera, in general, are reduced in size far beyond that which would be 
predicted for the degree of emaciation. 

Discussion. It is important to point out that the clinical picture 
presented by this patient wms compatible in every respect -with the 
syndrome outlined by Simmonds, even though 30% to 35% of 
the anterior hypophysis remained. From the experimental observa- 
tions of Smith, we find that only 10% to 15% of the anterior 
pituitarj’^ gland is necessary for normal metabolism in the rat, 
How'ever, yve do not know wdiat fraction of the anterior hypophysis 
is necessary for normal body function in the human being. In 
addition, one cannot say from histologic studies that glandular 
tissue is functioning normally. 

The relationship between the observed changes in the pituitary 
and the repeated infections that the patient had cannot be evaluated. 
Thejr may have conceivably played the part that the puerperal 
infection did in the original report by Simmonds, although wm had 
no emdence that infected emboli were present. 

The favorable results previously reported, particularly those by 
Brougher^® and Calder,® are open to criticism. The case reported 
by Brougher had emdence of an adjacent tumor and the pituitary 
involvement -was plainly secondarj’^ in importance. The patient 
studied by Calder Avas markedly emaciated wdren injections of 
antuitrin w'ere begun, and he started to improve soon afterward. 
However, he continued to improve during the five months of 
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observation included in that report, even after the injections of 
the extract had been discontinued. If the residual pituitary func- 
tion was so slight that it resulted in the clinical picture of profound 
emaciation, it is odd that the improvement should continue even 
after the substitution therapy was stopped. It is logical to believe 
that, in the future, substitution therapy will become practical in the 
treatment of this condition, particularly when the diagnosis is made 
before irreversible changes take place throughout the endocrine 
system. It is equally likely that, similar to other forms of substi- 
tution therapy, it must be continued indefinitely. The evaluation 
of glandular therapy is to be made with the greatest care, particu- 
cularly since we are dealing mth a disease which, as indicated 
above, undergoes periods of spontaneous remission and since 
patients untreated live as long as 44 years following the develop- 
ment of signs and symptoms of this condition. 

That this patient had a pluriglandular syndrome is definite. 
As emphasized by Kraus,^^ it is usi ally impossible to attempt to 
differentiate these conditions pathologically unless the hypophysis 
is involved, as in this instance, by a process different from that 
affecting the other glands of internal secretion. In some there 
seems to be a primary atrophy of the pituitary with secondary 
changes in the structure of the other endocrine glands and dis- 
turbances of function, as described by Simmonds; in the syndrome 
of Lindemann there is a general atrophy of all the glands, occurring 
simultaneously; and in others, a sclerosis occurs in all the endocrine 
glands (Falta), Since the clinical manifestations of these varied 
conditions may be very similar, the correct prediction of the char- 
acter of the pathologic changes underlying these syndromes may 
become a matter of chance. 

Summary. This patient, then, presented tlie characteristic 
evidences of Simmonds’ disease, yet at autopsy there remained 
30% to 35% of histologically normal anterior hj^ophyseal tissue. 
In the strictest pathologic interpretation of this syndrome the 
patient did not present one of the features of the disease, that is, 
complete destruction of the anterior pituitary, but the clinical 
picture was so nearly identical with the previous reports that it 
seemed desirable', particularly in view of the careful clinical and 
histologic study to which this patient was subjected, to place this 
case on record. 

Conclusion. 1. The history, physical findings, progress and 
autopsy data of a patient with Simmonds’ syndrome are presented. 

2, The pituitary was invaded by an ependymal glioma and 
atrophic changes were present in the thjToid, suprarenal corte.v, 
testes and prostate. 

3. Certain aspects of treatment of the condition are discussed. 
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ON THE ENDOGENOUS ORIGIN OF EARLY PULMONARY 
TUBERCULOSIS. THE ANATOMIC VIEW OF 
ITS CLINICAL DIAGNOSIS. 

By W. Pagel, M.D., 

CAMBHIDGB, ENGIM^ND. 


(From the Laboratory of the Papworth Village Settlement.) 


In order to make an early diagnosis of tuberculosis it is necessary 
to be able to recognize the foci which introduce the common pul- 
monary lesion. It is also necessary to know the channels used by 
the tubercle bacillus, and the usual location of the foci which they 
produce. 

The common pulmonary tuberculosis of the adult which is the 
subject of an early diagnosis is not the first manifestation of tuber- 
culosis in the life of the indiiddual concerned. The primary tuber- 
culosis occurs during youth and heals, leaidng a group of calcified 
lesions which are quite characteristic. Furthermore, the common 
pulmonary tuberculosis is not a form which follows the primary 
infection immediately (or after a short interval), like the generaliza- 
tion which in its acute form is an immediate offspring of the primary 
infection. 

The form of tuberculosis which is the subject of our discussion 
develops after the primary infection has healed, without generaliza- 
fion. We know that the primary infection comes from outside, 
originating in an inhalation of droplets or dust of sputum contain- 
ing bacilli into the lung; or in ingestion; or in direct inoculation 
into the skin, etc. It is obvious that generalization of tuberculosis 
develops by series of hematogenous outspreads, since it leads to a 
tuberculosis of bones, joints, urogenital sj^stem, meningitis, to 
chronic miliary outspreads in the lung, “punched cavities,” etc. 
(Pagel, MiUer). But the common tuberculosis of the adult is a 
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tuberculosis involving the lungs only, and proceeding by the way 
of the bronchi and the great channels being in connection’ with 
them like trachea, larynx, intestine. Thus it might be assumed 
with equal right that an exogenous or endogenous reinfection is the 
origin of this common form of tuberculosis, and as a matter of fact 
the opinion as to the origin of the isolated pulmonary tuberculosis 
is dmded. (See Discussion, Cummins, Cobbett, Aschoff, Pagel.) 
One group of authors stresses an exogenous superinfection as its 
source (Puhl, Beitzke), another suggests an endogenous and hemat- 
ogenous metastasis from old primary or postprimary foci to be the 
origin of the isolated pulmonary tuberculosis (Ghon, Schmincke, 
Wurm, Huebschmann, etc.). 

It is not possible to approach successfully the question of the 
exogenous reinfection by anatomic investigation. There are clinical 
and epidemiologic data suggesting the possibility of exogenous 
superinfections for the development of the isolated pulmonary 
tuberculosis. In early cases one has found a current source of 
infection in the environs of the patient (Assmann, Ulrici). Further, 
it has been demonstrated by animal experiments that superinfection 
of a tuberculous— allergic— animal can produce an isolated tuber- 
culosis of the lungs, if the primary infection was mild, c. g., due to 
an avirulent or faintly virulent strain of tubercle bacilli (human 
strains in rabbits, Pagel, Cobbett; B.C.G., Aksjanzew and Krewer; 
leprosy bacilli, Bieling and Oelrichs). 

But anatomic experience points to the endogenous reinfection 
as a great possibility for the development of an isolated pulmonary 
tuberculosis. This endogenous reinfection originates in a revival 
of old lesions, due to factors which diminish the resistance, such as 
diabetes, pregnancy, puerperium, old age, etc. 

There are findings of exacerbation of the foci of an old primary 
complex, at the site of the primary focus of the lung as well as in 
the lymphatic glands. I have observed such phenomena of exacer- 
bation in about 26% of my cases. They are much more frequent 
in the glandiihr part of the primary complex than in the primary 
foc7is of the lung itself. 

Here we find the calcified foci embedded in areas of recent casea- 
tion. Such cases occur especially during puberty and older age; 
c. g., I found in a woman, aged 88, who died from nephrosclerosis, 
that the lymphatic glands of the bifurcation of the trachea ryere 
tumefied and caseous and were the only tuberculous foci (besides 
a small calcified primary lesion in the upper right lobe of the lung). 
The recent caseous tuberculosis had developed in the environment 
of the old calcified primary focus in the lymphatic gland of the 

hilum. , , 

The following is an example of caseous exacerbation ot tlie olcl 
calcified primary food in the lymphatic glands during puberty. 
Girl, aged 15, in the beginning of the menstruation. Caseation of 
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the lymphatic glands of the lung hiluin to a great extent, proceeding 
upward to the jugulum and downward via the posterior mediastinal 
lymphatic glands to the periportal glands and to the mesentery. 
T^'pical calcified primary focus in the left upper lobe. In each 



Eig. 1. — Calcified foci in the lymphatic nodes of the bikini belonging to the primary 
complex, surrounded b 3 ' areas of recent caseation (exacerbation of the old primary 
foci). ■«— , Advanced pulmonarj^ tuberculosis. 


lymphatic gland every calcified focus is surrounded by a circular 
area of recent caseation (caseous exacerbation) (Fig. 1). The 
intensity of caseation decreases according to the distance from 
the lymphatic glands belonging to the pr mary focus. 



Fig. 2. —Calcified focus (c). Recent addition to the internal laj'ors of the fibrotic 
capsule (e) with formation of epithelioid cells. One giant cell (p). Low power. 

A recent caseation around the primary focus in the lung itself 
is found less frequently. We have recently seen an example of 
the lung of a man, aged 30, with a large cavity in the left upper 
lobe and advanced intestinal tuberculosis. In the left lower lobe 
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there was an area immediately beneath the pleura containing the 
old calcified primary focus of the size of a lentil as the center of a 
recent caseous focus of the size of a small cherry, (caseous exacerba- 
tion of an old primary focus in the lung). 

The histologic examination of such foci in exacerbation demon- 
strates sharply confined areas of epithelioid cells recently developed, 
which interrupt the fibrotic capsule of a calcified focus (Figs. 2 
and 3). Probably the fibrotic connective tissue of the capsule has 
returned to its original cellular state under the influence of the 
exacerbation, as described by Wm-m. Or we find areas of tuberculous 
granulations, containing epithelioid and giant cells, invading the 
marginal parts of the focus and restoring the calcified caseous 
material (Fig. 3). 


■(—Calcified center (C) 


(—Fibrotic capsule (P) 

(—Recent exacerbation 
•wdth formation of epi- 
thelioid cells (B) 
(—Fibrotic capsule (Be) 


Fig. 3.— a calcified focus in the state of exacerbation. The calcified center (C) 
surrounded by a thick fibrotic capsule (B), the externa! part of which returned to the 
original cellular stage by recent exacerbation (E). The external margin of the focus 
consists of fibrotic connective tissue again. Higher power. 

We know that about 20% of the old calcified foci of the primary 
complex contain litfing tubercle bacilli (Anders). There are also 
lymphatic connections of the old foci ivith the surrounding tissue. 

So the foci of an old primary complex can be permanent sources 
for an outspread of tubercle bacilli into the blood stream. 

Clear is the proof that outspreads arise from exacerbating post- 
primary foci. 

We know that isolated regular calcified foci in the apex of the lung 
can be rich in living bacilli. The tubercle bacilli in such foci can 
be detected, after artificial removal of the calcium, as complete 
colonies. 
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After staining with Giemsa’s solution I found the bacilli in such 
calcified foci “eosinophilic,” while the bacilli are usually “baso- 
philic.” According to the behavior of the bacilli in cifitures, this 
eosinophilic state points to an inactive state of the bacilli in calcified 
foci. 

The calcified foci that are the subject of our discussion are due 
to a hematogenous outspread, because of their frequent presence 
in cases of chronic hematogenous generalization, during which they 
remain usually inactive, while they proceed by liquefaction and 
consequent aspiration in cases of beginning' isolated pulmonary 
tuberculosis. There are all transitions between miliary outspreads 
of calcified lesions which point to their hematogenous origin and 
the occurrence of isolated calcified foci in the lung. 

These foci may be found in the center of a larger caseous focus 
and there is no doubt that their exacerbation leads to the develop- 
ment of the larger focus which does not become* the origin of a 
proceeding isolated tuberculosis of the lung. 

E. G., a male, aged 60, showed in the apex of the right lung a 
large liquefying caseous infiltration of the size of a halfcrown. 
In the middle of the infiltration there were 3 small calcified foci of 
the size of a small lentil. The histologic examination showed all 
signs of exacerbation, such as interruption of the capsule, beginning 
liquefaction, etc. 

The calcified foci are scattered over the lung or are confined to 
particular areas, especially the apex. One of our cases demon- 
strated a calcified focus in the “azygos” part of the left upper lobe, 
causing the formation of two apices of the lung. Woman, aged 26, 
isolated advanced pulmonary tuberculosis. Left upper lobe with 
abnormal di^^sion (Lob. azygos). One small yellow calcified focus 
in the left apex, another in the lower parts of the lobe, with a 
corresponding calcified focus in a bronchopulmonary lymphatic 
gland (“primarj’^ complex”). 

Another way leading from the calcified focus to the development 
of an isolated pulmonary tuberculosis is the aspiration of such a 
focus and its transmission to other parts of the lung by the bronchi. 

Old calcified primary or postprimary hematogenous foci cause 
very often by their shrinking a small bronchiolectasis, from wliich 
the early foci of a progressive isolated pulmonary tuberculosis 
start. There arises then not a hematogenous form, but one which 
is endogenous and bronchogenic. 

After liquefaction and eruption of the exacerbating calcified 
lesions into the “parafocal” bronchiectases, caseous material rich 
in tubercle bacilli is aspirated to other parts of the lung, where 
recent foci develop which now introduce the progressive pulmonary 
tuberculosis. 

E. G., male, aged 36. ' Mother died from tuberculosis. Chronic 
tuberculosis the last 10 years. A\’ulsion of the right phrenic nerve. 
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Died from insufficiency of the heart. Shrinking of the right upper 
lobe. Tliis is interspersed by a series of smairbronehiectases, the 
wall of each containing a calcified focus. Similar, but not so 
many, lesions in the left upper lobe. Recent caseous cavity of the 
lower part of the left upper lobe with numerous tubercle bacilli. 


Eaelt (PosTPRiMAR’i ) Tuberculous Eoci of the Lukg as ak Ietrobuctiok to 
THE Common Isolated Tuberculosis of the Adult. 

Hematogenous.^ Bronchogenovs.^ 


Apex 


1. Discrete miliary and dense 

fibrous. 

2. Small calcified foci. 

3. Snmll bronchiectases rrith 

. calcified foci in the neigh- 

borhood. 

4. Larger caseous or calcified 

foci (‘ Fruehinfiltrat” of 
the apex). 


1. Independent e.xogenous superin- 

feetion of the apex (?) ivith 
caseous bronchitis (“Fruehin- 
filtrat” of the apex). 

2. xVspiration into the apex from a 

non-apical focus. 


Infradamcular 

region^ 

Foci occurring 
anjTvhere in 
the lung 


1. Larger caseous foci vrithout 

apical lesions, so-called 
‘'Fruehinfiltrat" (preco- 
cious infiltration), 

2. Larger caseous foci devel- 

oped at the same time 
nith apical, sufaapical 
and horizontal location. 

3. Hematogenous caseous 

bronchitis. 


1. Independent exogenous caseous 

foci and caseous bronchitis 
noth or ivithout other inde- 
pendent — apical — foci, devel- 
oped at the same time from 
outside (typical "Fruehinfil- 
trat”). 

2. Infraelancular foci bj' aspiration 

from other pren'ously devel- 
oped foci, especially in apex 
(“■ Pseudofruchinfiltr.at ").< 


‘ The proof of the hematogenous origin of all those foci is the anatomic ex-idenco 
given by their presence in oases of chronic hematogenous generalization. During 
this period they remain usually inactive and calcify, while they proceed by liquefac- 
tion and aspiration in cases of isolated inilmonarj’ tuberculosis. The ability of the 
apical hematogenous foci (1 to 4) to become the source of a progressive puimonarj' 
tuberculosis is obmous from (a) their content of bacilli, (6) the pictures of cellular 
activation of the old capsule, (c) their ‘ atheromatous” liquefaction, (d) the eruption 
of liquefying calcified lesions in the small bronchiectases described under 3. The 
apical hematogenous foci demonstrate a definite tendency to heal and to remain 
inactive. 

^ There is no anatomic eA-idence of the exogenous development of the foci. In 
animal experiments exogenous superinfection is possible, ■when the primary infection 
of the animals was due to a faintly ^■irule^t or aiirulent strain of bacilli. Clinical 
observations of exogenous superinfection arc reported. 

’ The foci show a tendency to become the source of daughter foci and the onset of 
a progressive isolated pulmonary tuberculosis. 

There are anatomic observaions of such foci. 


In cases of chronic beraatogenoius tuberculosis we usually find 
small cat'ities in the upper parts of the lung embedded in thick 
strata of coimectiYe tissue. The-y are often hidden in small fibrosed 
areas and may not be detected by the Roentgen ray picture. We 
are justified in suggesting a hematogenous origin of these small 
cauities. In spite of their shrinldng and their concealed situation 
they can be the source of a bronchogenic outspread of tubercle 
bacilli, producing the development of recent foci in lower parts of 
the lung. These foci, developed by a bronchogenic outspread from 
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a small hematogenous ca'vnty, become now the early infiltration 
introducing the isolated pulmonary tuberculosis. 

So we can demonstrate by anatomic investigation in more than 
one way the importance of an endogenous outspread for the- devel- 
opment of the isolated pulmonary tuberculosis. 

It is an isolated hematogenous metastasis in the lung from which 
the process arises; the focus may itself after a period of inacti\dty 
become the center of an early infiltration or may only be the source 
for living \arus which is cohvej'^ed from this focus to other parts of 
the lung by the ways of the bronchi on the bloodvessels. 

It remains to discuss the usual place where the early foci of the 
isolated tuberculosis of the adult in the lung are found. The 
improvement of the Roentgen ray technique in the last years brought 
about a change in the fundamental clinical view of a very recent 
tuberculosis. Wiile we formerly tried to localize the early stages 
of a pulmonary tuberculosis in the apex of the lung, we have now 
learned that the clinical onset of the disease must be looked for 
in other parts, especially the so-called infraclavicular region (Ulrici; 
Wessler and Jaches; Assmann, Redeker; Grass; Douglas, Pinner 
and Wolepor). I stress the clinical onset, because my autopsies 
show that, as a matter of fact, the first postprimary foci in cases of 
isolated pulmonary tuberculosis are very often found in the apex. 
But in spite of this fact the clinical statement is correct. The 
majority of the apical lesions have a tendency to become quiet and 
inactive, while the infraclavicular lesions, being larger, can liquefy 
after a short interval and, as the so-called “early ca^^ties,” may 
become the source of daughter foci developed by aspiration and 
finally of the intestinal tuberculosis resulting in the death of the 
patient, unless the foci within the lung have not already proved 
fatal. But it must be pointed out that foci in the apex are usually 
present, that these also may be the original source of the intra- 
clawcular “early infiltration” or eventually, if they are large, by 
their liquefaction the immediate source of a progressive tuberculosis. 

Usually we find in the apical region, as well as in the infraclavicular 
district, early lesions. According to the quality of these foci it 
seems that they have developed almost at the same time and that 
they are usually independent of each other. 

I give two examples of such forms : 

Case L— Male, aged 35. Chronic hematogenous tuberculosis (advanced 
urogenital tuberculosis, caseous tuberculosis of both suprarenals, of the 
sacroiliac joint, of the second rib, transverse colon, etc.h Died from 
amyloidosis. Lungs : In both upper lobes in the region of the apical and 
horizontal branch of the posterior bronchus are well confined caseous 
partially calcified foci (“early infiltrations”), the apical focus being smaller 
than the horizontal focus, which was about the size of a halfpenny (Fig. 4). 
In the apex of the right lower lobe, recent caseous infiltration with the same 
teature. Miliarj’^ outspread in both lower lobes. 
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The features of the foci suggest that they are due to the same 
hematogenous outspread. They must have been developed at the 
same time independent of each other. 

^ Besides this, the presence of a chronic hematogenous generaliza- 
tion and the symmetric outspread of the foci on both sides points 
to their hematogenous origin. 



Fig. 4. — ‘ Early infiltr.ation ” (‘'Assmann's focus”) (a) in the infraolavicular region 
(belonging to the horizontal branch of the posterior bronchus of the upper lobe), 
and (6) in the apes. 


The a'pex was involved well as the lower (“infraclavicular") 
districts. If the foci are to be the origin of a progressive pulmonary 
tuberculosis, the larger foci in the caudal region would probably 
become the immediate source of aspirations by liquefaction and 
thus the “early infiltration.” Furthermore, it ma,y be that the 
smaller apical lesions did not appear in the Roentgen raj'- picture. 
But the suggestion that the apex is not involved in such a case of 
earlj'- tuberculosis would not be correct. 

Actuallj’-, the early foci did not proceed and did not cause metas- 
tasis bj’- bronchogenic aspiration and thus a tuberculosis of the 
common tjqie of pulmonarj^ phthisis, because thej"- belonged to a 
case of hematogenous generalization and not to the common isolated 
pulmonary tuberculosis. Generalization and isolated pulmonary 
tuberculosis being the fundamental forms of tuberculosis during 
the human life exclude each other (Pagel). 

But the type, of the early foci in the apical and infracla\acular 
areas of the lung is the samic in cases of generalization and isolated 
pulmonarj' tuberculosis. It is onlj”- the fate of these identical foci 
which differs: in the case of generalization the tendency is to 
heal, to calcify and to become inactive; in the case of the common 
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isolated pulmonary tuberculosis the tendency is to liquefy and to 
proceed bronchial aspiration. 

Case 2 —Man, aged 30. Tuberculosis of ‘ the right upper lobe ivith 
cavity. “ Azygos ” lobe of the left upper lobe. Deformity of the sternum 
which caused a deep oblong (frontal) impression in the anterior surface ot 
the right ventricle. This was dilated in its right part, mcludmg the atrium 
and the part devoted to the inlet of the venous blood, while the left part 
of the right ventricle was stenosed. 



Fig. 5.— Apical (a), subapical (s), horizontal Qi) early foci. The horizontal 
("infraclavicular” Assmann’s) focus is the largest and demonstrates an early cavity 
(liquefied Assmann's focus), while the apical and subapical foci are small in spite of 
their liquefaction. "Azygos," part of the left upper lobe (double apex). Early 
isolated pulmonary tuberculosis caused by deformation of the right ventricle of the 
heart. 

This contraction of the outlet of the right ventricle may have 
diminished the blood supply to the lung. To this the tuberculosis 
of the right upper lobe may be due, just as we find tuberculosis in 
cases of congenital stenosis of the pulmonary artery. The tubercu- 
losis in this case is not very advanced. The immediate cause of 
death was insufficiency of the heart with blood stasis to a great 
extent.^ That explains why we still find, in the right upper lobe, 
the foci which have introduced the tuberculosis in tins case. There 
are foci in the three areas of the apical, subapical and horizontal 
bronchus of the upper lobe (Fig. 5) . The horizontal focus only has 
a remarkable size. It is a ca\dty of the size of a large walnut. The 
foci in the apex and the subapical region are also liquefied, but 
much smaller in size. According to the quality of the foci (capsule, 
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etc.). It was obvious that all 3 foci developed at the same time, but 
the horizontal focus became the largest and the liquefaction was 
more extensive than in the other foci. 

In other cases we find that one of these early foci is the metastasis 
of the other developed usually bj^ aspiration, possibly by hemat- 
ogenous outspread. Thus the infracla%acular “early” infiltration 
can be a daughter focus from an older apical lesion which re^^ves 
and proceeds by bronchial aspiration. An example shows this 
condition clearly: 

Case 3 . — Woman, aged 58. Chronic pulmonary tuberculosis, Roent- 
gen ray picture of the chest showed nothing but a triangular shadow in the 
infraclavicular area of the left upper lobe. The apical region seemed to 



Eig. 6. — “Early infiltrations” in the infraclavicular parts of the lung (due to 
an aspiration from two very small cavities like burrows made by earthworms in the 
apex of the posterior part of the lung. (See Fig. 7.) 

be normal. The anatomic investigation demonstrated, besides typical 
“early” caseous infiltrations in the infraclavicular regions (apex of the lower 
lobe and lower parts of the upper lobe) (Fig. 6), two very small old cawties 
in the apical and subapical region (Fig. 7). According to the anatomic 
picture there is no doubt that the more caudal foci, in spite of their typical 
feature of “early” infiltrations, were due to an aspiration from the older 
apical lesions. 

It should be pointed out that in such cases the Roentgen ray 
picture does not reveal any changes in the apical region, especially 
small cavities resembling burrows made by an earthworm (so-called 
“strand cavities” of Redeker). In other cases I have seen a 
fibrotic scar of the apex containing small caseous or calcified lesions 
which did not appear in the Roentgen ray picture while, in the 
same case, only the larger foci in the subapical and horizontal 

region were observed. _ . , 

Thus, in such cases the starting point of the disease, the apical 
focus, has not been revealed by the Roentgen ray examination and 
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the clinical impression was that the tuberculosis started from an 
infraclavicular focus. I am sure that on account of this fact the 
apical onset of pulmonary tuberculosis is underrated. 



Fig. 7. — "Early infiltration’’ (/) in the apex of the right lower lobe, developed by 
aspiration from two small ‘ strand cavities’’ in the apical (a) and subapical (s) 
region. Dorsal parts of the lung of the same case as given in Fig. 6. 


Left upper lobe. 


Left lower lobe. 



Fig. S. — Recent early infiltration near the apex (subapical region). 


On the other hand, there is no doubt that independent infra- 
clavicular foci are the' sources of the tuberculosis— the apex may, 
or may not, be involved. It is not seldom that the early foci are 
in a lower position, as in the region of the horizontal bronchus 
of the upper lobes or near the base. 
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One of our cases of recent earty infiltration showed a big focus 
near the apex but not exactly in the apical region. Its situation 
was between the apical and subapical district and it may be that 
this focus appeared in the Roentgen ray picture as an infraclavicular 
infiltration (Fig. 8). 

^ .Another of our cases was purety an anatomic example of an 
infraclavicular infiltration. 

This case was of a woman, aged 36, with a recent cavity and 
hemorrhage in the horizontal region of the right upper lobe. Apices 
contained nothing but small recent nodules. 

Conclusion. It may be concluded that all possible ways are used 
when a common pulmonary tuberculosis arises: the hematogenous 
and the exogenous or the endogenous-bronchogenous way, etc. 
But according to anatomic experience, the endogenous course and 
the revival of previous foci must be regarded as the more frequent. 
Similarly, foci in all parts occur when a common pulmonary tuber- 
culosis develops. But anatomic experience demonstrates that usu- 
ally the apex as well as the infraclavicular region are involved, the 
“infrafocus” may develop as an aspiration of the apical focus or 
independently. The clinical statement that the “infrafocus” has 
a greater tendency to become progressive than the apical focus is 
confirmed by the anatomic investigation. Therefore, the prac- 
titioner will very carefully observe the infraclamcular regions, but 
he should never neglect lesions seen in the apex, especially recent 
ones. Only experience and careful observation, not doctrine and 
theorj’’, may help us to avoid mistakes. 
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IS THERE A "MORAL CENTER” IN THE BRAIN?* 


By N. S. Yawger, M.D., 

neurologist, eastern state penitentiary, 
PHILADELPHIA. 


While reviewing a book on nervous children my attention was 
dravm to this surprising statement by Cameron:^ “The delinquent 
is made, not born. The term moral imbecile is unmeaning and mis- 
leading and should be abandoned .... there is no such a thing 
as a child of high intelligence who, on the point of morals only, is 
imbecile.” Barr^ says; “Now in amoral imbecility there is a partial 
or absolute absence of moral sense often as complete as in the absence 
of sight in the blind. This may not necessarily be associated with 
physical or mental defect, but it constitutes a defect of its own .” 

A thumb-nail sketch of a few personalities bearing upon intelli- 
gence, emotion and morals may not be amiss. Among the “idiot 
savants” was “Blind Tom,” a colored musician whose talent was 
very decided. He became famous and gave many concerts through- 
out America and Europe. He was born a slave and when 7 years 
old, the family of his master, hearing strange music, found him at 
the piano. He could at once reproduce the tunes he heard and repeat 
them after long intervals. Some of his music was from the classics 
and if it had been played nervously when first heard, that, too, 
was included in his rendering. “Blind Tom” could play a different 
tune with each hand at the same time, yet he was so foolish he 
would arise and, with his audience, applaud his own accomplish- 
ments. His intelligence was about that of a child 4 years old. 

Jesse Pomeroj'^ of Massachusetts perhaps spent more time— 
about 40 years— in solitary confinement than has anj'- other prisoner 
in this country. His crimes began at 13 years and at 14 he was 
sentenced to life imprisonment and solitary confinement, only 
having escaped hanging by reason of his extreme youth. - Within 
a few weeks he had stripped, trussed-up, beaten and otherwise 
tortured a number of little children. Because of these offenses 
he was detained in a reform school but good behavior procured 
his release after 17 months. Wfithin the 2 months following, he 
tortured 2 more children, bruising, stabbing and mutilating them 
until they died. He made several unsuccessful attempts to escape 
from prison. AAhile undergoing penal servitude tales were told of 
his continued cruelty and among other accusations was that of 
catching rats and skinning them alive. These charges were made 
by persons outside the prison and were never substantiated by the 
prison officials. Finall}’-, Pomeroy becoming incensed, brought suit 
against a lady for $5000 alleging damage to his reputation. He 

* Read before tbe Philadelphia Neurological Society, October 26, 1934. 
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scored a technical victory— the jm-y awarded him one dollar. 
Though repulsive and asocial even as a prisoner, he was intelligent. 
He read extensively, studied law and acquired some knowledge of 
several languages. 

^ I have elsewhere referred to the following case:^ A criminal of 
high intellectual endowment, robust and a writer of note, began to 
read at years and entered upon a life of crime at 9. He became 
an inmate of two reformatories, three county jails and a peniten- 
tiary. He loved the thrill of stealing and the night after his release 
from a reformatory broke into several houses. Once when arrested 
there were 29 charges against him including numerous thefts, 
kidnapping and sodomy. He said he was reared by his grandparents, 
was always kindly treated as a child, had attended a private school, 
a primary school and a college. At 21 he inherited 834,000 which 
he spent in 4 years and later in life received much financial and 
other assistance from prominent persons; yet he had no feeling of 
gratitude and for his crimes no self-reproach. He once said to me; 
“There is a born criminal and I am one.” Nor had he much faith 
in his fraternity, saying: “That there is honor among thieves, is 
the one good joke accredited to the under-world.” With both 
statements I am in full accord. When last seen he was 4S years old, 
at liberty— having been granted a pardon through the intercession ^ 
of many persons— and was then debating whether to return to a life 
of crime or accept matrimony from a woman of some culture and 
means. This man is highly intellectual but from his ovm statements 
and his crime record, he is an amoral imbecile. 

Whiting of the Englishman, Grifiiths Whainewright, under the 
caption, “Pen, Pencil and Poison,” Oscar Wfilde'* said: “though of 
an extremely artistic temperament, he followed many masters other 
than art, being not merely a poet, a painter and art-critic, an anti- 
quarian and -writer of prose, but also a forger of no mean or ordinary 
capabilities and as a subtle and secret poisoner almost without a 
rival in this or in any age.” 

At 25 years Whinewright had a long and serious period of depres- 
sion. He was always "exceedingly sensitive to pain, a marked con- 
trast to his moral insensibility where others -^'ere concerned. Being 
a very sensuous man, he would not live without luxuries. It is not 
kno-^m how the strange fascination of poisoning overtook him but 
in some -^"ay he had learned of the lethal effect of strychnin. In 
dress he was dandified, indulged in perfumes and wore a number of 
beautiful rings in one of -which strychnin was concealed. De Quincey 
said: “His murders -were more than were ever known judicially.” 
Through forgery he acquired control of £5000 which crime was not 
detected for 12 years. In 1829, having lost their own home through 
extravagance, W'^aine-nvight and his wife were taken into the home 
of his uncle, Thomas Griffiths. Sometime later the uncle died in 
convulsions -with the married couple inheriting his property. The 
second victim was his mother-in-law, Mrs. Abercrombe, who with 
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her two daughters had been permitted to live with him. The reason 
for her murder is not known but it was thought she may have 
acquired knowledge of the dangerousness of his character. Later^ 
Helen, a young and beautiful daughter died of symptoms similar to 
those of her mother. She had been murdered in the hope that the 
£18,000 msurance could be procured, but the insurance companies 
became suspicious and refused payment. After a delay of 5 years 
the case was heard and decided in favor of the insurance companies. 
Feeling unsafe, Wainewright moved to France where he lived in the 
home of an old man who was induced to place £3000 insurance on 
his life. He died some time after and, though Wainewright did not 
get the money, he felt he had revenged himself on an insurance 
company. While in France he was detained in jail for some minor 
offense. Being still wanted in England for forgery, through the arts 
of a beautiful woman used as a decoy, he was induced to return and 
was arrested. There were five indictments against him but he was 
permitted to plead guilty to two and these were not capital in nature. 
He was convicted and sentenced to transportation for life. While 
undergoing sentence he would boast of his cleverness as a poisoner 
and actually made two more attempts to poison persons who had 
offended him. Havelock Ellis said Lombroso and others would 
consider Wainewright a “born criminal” or a “congenital criminal” 
but he preferred the term “instinctive criminal.” 

Seemingly, as atrocious an intellectual man as ever lived was 
Gilles de Rais, the original of Bluebeard in the Mother Goose story. 
Born in a French family of high rank and wealth, this iniquitous 
monster of the 15th century had all the educational advantages of 
that time. He could speak three languages and manifested great 
interest in military matters. At 16 he married, the chief attraction 
being the wealthy estates of his wife’s family. She being a relative 
of the 4th degree, the Church declared the marriage void, a circum- 
stance that did not for the moment disturb de Rais. Becoming 
disgusted with his wife, he provided for her maintenance in another 
part of the castle but upon learning she was pregnant and fearing the 
embarrassment of an illegitimate heir, he successfully approached 
the Church, another ceremony was performed and the difficulty thus 
obviated. Unfortunately, the child proved to be a girl which so 
angered de Rais that he lost all interest in mother and daughter. 
In the struggle of Charles VII against England, he rendered dis- 
tinguished service, fighting beside the Maid of Orleans and later, 
with others, strove hard to disprove the charges that were paving 
the way to her cruel death. At 25 he had achieved the high distinc- 
tion of Marshal of France and retired to this estates. At that period 
those who dared dispute the doctrines of the Church were punished 
most severely. Many pleasures were denounced as the work of the 
devil and their prohibition led to much revolt. It has been believed 
that these ecclesiastical rigors resulted in the formation of some of the 
medieval cults giving rise to devil-worship wherein all kinds of 
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pleasures were indulged and atroeities committed. Books tellmg 
of ■witchcraft, incantations and black magic were read freely. From 
the undisputed evidence presented at de Rais' subsequent trial, 
it is believed he may have belonged to one of the most sophisticated, 
licentious and sadistic of these cults.® Be that as it may, tliere is 
abmidant, well-authenticated historic record of the atrocious orgies 
in which he and others indulged. At 28, after having been away 
from his estates for some time, he retm-ned and promptly banished 
his wife and daughter. Then began the dissipation of his vast 
fortune wherein he vied with the King in the grandeur of his sur- 
roundings. Among otliers who were invited to join him were two 
priests, one being his cousin. The assemblage then gathered included 
artists, actors, poets, musicians, designers, illustrators, astrologers, 
magicians and others. There was a chapel, a choir and also a labor- 
atory for research in alchemy. The castle was surrounded by a big 
and ferocious guard while within drinldng, carousing and the worst 
of atrocities were being indulged. Worship of the evil forces called 
for much human sacrifice. jN'Iost of the \detims were boys who were 
trussed-up, cut, slashed and otherwise tortured to death. Such 
iniquities could not go on forever and the Church finally found him 
guilty of heresy. The civil authorities then assumed charge, brought 
him to trial when it was proven that there had been kidnapped or 
otherwise enticed to his castles 140 children, though the actual 
number was believed to be much larger, “de Rais was culpable of 
crimes so horrible that thej" could be read in open coiu’t only if 
rendered in the Latin tongue.”® He made full confession, was 
hanged and the body burned. 

Tlmough disease, injury and shock the mind may be strangely 
affected and this is not recent knowledge, since Oliver Wendell 
Holmes reminds us that, “A profligate mentioned by Plutarch had 
a fall and struck his head, after which, he became a virtuous citizen.” 
Lombroso~ mentions several instances; “Gratry, a mediocre singer, 
became a great master after a beam had fractured his skull. Mabil- 
lin, almost an idiot from childhood, fell dovm a stair-case at 26^ and 
so badly injured his skull that it had to be trephined; after this he 
displayed the characteristics of genius. Gall, who narrates this 
fact, loiew a Dane who had been a half idiot, who became intelligent 
at the age of 13, after having rolled headforemost down a stair-case. 
Wallenstein was looked upon as a fool until one day he fell out of a 
window, and henceforeward began to show marked ability.” 

Some, years ago a local surgeon was attempting to increase the 
cranial capacity of bad boys by means of an incision into the skull; 
it was his belief that their badness resulted from cramped quarters 
occupied by the brain. I Imew one of his “cures” who was twice 
afterward in tlie Eastern State Penitentiary and later an inmate of a 
jail in New Jersey. Apropos of that surgeon's procedure, Dr. 
Lloyd queried: “Does the good man think he can improve the 
quality of a nut by boring a hole in its shell?” Another of these 
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boys had headache, a -vicious temper and a truant. The mother 
said he had once fallen in front of a railroad train and sustained 
an injury ■v\’-hich she -was sure had caused his -waywardness. A 
slight depression Avas in evidence in front of the skull and this was 
thought to be the cause of his delinquencies. Two operations were 
performed and soon after he Avas an inmate in a reformatory, later 
a county jail and finally a penitentiary. From the last of these insti- 
tutions he made a sensational escape by burying himself beneath a 
cart-load of ashes; shortly after reaching the street he arose. Phoenix- 
like, and it Avas not until 6 months later that he Avas apprehended 
in California. There is a group of children dubbed the “Apache 
type” Avho, in the chronic stage of encephalitis, commit a series 
of misdemeanors, more or less scA’-ere. Recently, Grossman® has 
recorded the case of a very unruly child Avho became docile after 
epidemic encephalitis. 

Under Constitutional Immorality, Tanzi,® discussing the type of 
individuals that shoAV the permanent insensibility of the ruthless 
immoral, says: “It is more eAudent from early childhood, because 
it is more impressing, notAvithstanding the negative nature of its 
manifestations. In youth, these persons Avho are immoral through 
deficiency of sensibility shoAv affection for no one. In their amuse- 
ments they are placid, silent and cruel. . . . They are not 
mortified by reproof or humiliated Avhen caught in the act of doing 
AATong. . . . They neither understand nor value the generous 
impulses of others; they are skeptical, distrustful and malicious. 
... As there are dogs Avithout the power of scent and flowers 
without perfume, so also there are indhdduals devoid of bencAmlence 
and sympathy.” 

There is abundant CAudence that the tAvo components of our 
mentality, intellectual and emotional, need not develop harmoni- 
ously. One may be greatly in excess and either maj"- show infantil- 
ism. Again, disease or injury of the brain may affect one with little 
or perhaps no effect upon the other. Hence, “moral imbecile,” 
“amoral imbecile,” the “born, congenital, hereditary or instinctive 
criminal” or “constitutional immorality” are justifiable terms, in 
the sense that they represent a demonstrable condition, though 
it is debatable Avhich designation is preferable. BroAAming,^®. in his 
analysis of 11 cases of cranial traumata folloAved by serious moral 
deterioration but with intellectual integrity, located a “moral center” 
in the right frontal lobe in right-handed persons. He Avas convinced 
that lesions of the first frontal conAmlution gave rise to irritability, 
violence and loss of inliibitory poAver; that lesions of the second and 
third convolutions gave loss of the “moral sense” leading to absence 
of shame, fear, sense of duty, and so on. Lehman, quoted by Eng,^! 
believes the same brain cells can perform the functions of the intel- 
lectual and the emotional processes. Thalbitzer’s hjqiothesis is 
diat there is a particular emotion center and with this Eng^^ is 
inclined to agree. It is suggested by Pieron,’® that undifferentiated 
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emotional reactions may arise at the thalamic level and then be 
subjected to the discriminating associative intellectual processes 
at the cortical level. 

In regard to a “moral center”: Is the cerebral cortex to be re- 
garded as functioning in such a way that local disease or injury 
could only affect its activity as a whole? Or are there anatomic 
concentrations, so-called centers, where thought is definitely dis- 
criminate, giving such functions as attention, memory, judgment, 
ideation, special talent, ethical concept, etc. ? We have some definite 
knowledge of motor centers and to a less extent those of sensation, 
speech and the special senses. However, intellectual and emotional 
centers are not so easily identified and much more data are needed 
if we are to be able to establish them. 
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THE RECURRENCE OF FACIAL PARALYSIS.* 

By Harold R. Merwarth, M.D., 

attending NEUBOnOGIBT, BBOOKDTN AND METHODIST EPIBCOPAD HOSPITALS, 
BBOOKLYN; ASSISTANT CLINICAL PBOFESSOB OF NEtJBOLOGY, 

NEW T'OBK UNIVEBSITY, BBOOKLYN, N. Y. 

(From the Medical Sersdce of the Brooklyn Hospital and Department of Neurology, 

New York University.) 

The purpose of presenting the following cases is to call attention 
once more to the fairly common tendency of the facial nerve to be 
subject to a recurring paralysis. Of all the nerves the facial nerve 

* Read before the Oto-laryngological Section of IGngs County Medical Society 
and Nassau County Medical Society, New York. 
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is the most susceptible to paralysis: this marked susceptibility 
as contrasted with other somatic nerves is reflected in the tendency 
of the paralysis to recur again either on the same or the opposite 
half of the face. This tendency is not recognized by medical men 
in general, and often the “neurologist” is not aware of this possi- 
bility. It is not mentioned by the authors of modern textbooks 
dealing vdth the nervous system. 

Oppenheim^ mentions briefly, “The fact should be noted that 
facial paralysis, both the rheumatic and the other forms, naay 
relapse; the relapse more often affects the nerve of the other side 
so that the term is not correct.” 

A very complete discussion of recurring facial paralysis is given 
by Bernhard -,2 Huet and Lejonne* report a patient with 3 distinct 
attacks. Langmead^ reported an instance of a girl with 3 distinct 
attacks of facial paralysis, always noted in the morning. A very 
rmusual instance of recurring facial paralysis is reported by Mouri- 
quand et al.^ They recite the case of a girl who had 8 distinct attacks 
•within a 2-year period.® Orbison® reported 2 cases from Dr. Spider’s 
Clinic. 

According to Gowers,^ “Second attacks of facial paralysis are 
rare. I have notes on only 5 instances.” 

The following 19 cases are divided arbitrarily into several groups:- 
The first group consists of those cases which were examined and 
treated by me in both of their attacks. The first 2 cases were un- 
usual in that they had both halves of the face paralyzed nearly at 
the same time, a definite period of time separating the onset on both 
sides. 

Bilateral facial paralysis caused by known factors, such as alcohol, 
arsenic, toxins, syphilis, etc., is not unknown. The occurrence of' 
a bilateral facial palsy of the so-called pure Bell’s tjq)e, the conno- 
tation of which is, “a paralysis of undetermined origin,” is fairly 
rare. According to Gowers,® “Fallopian neuritis scarcely ever 
occurs on both sides simultaneously, although I have more than 
once known a second attack on the other side to occur within a few 
months of the first.” Harris® observes, “Bilateral facial paralysis 
may occur alone as a double Bell’s palsy, though usually there is an 
interval either of months or years between the affection of the 
two sides.” 

Case _ Reports. Case 1. — (B.H. No. 18384.) L. C., a large, heavy 
negro girl, aged 18, was first seen by me, January 18, 1928. At this time, 
she presented a definite left peripheral facial palsy. It was first observ^ed 
a few days before by the girl’s mother because the girl’s face was tmsted. 
As the day wore on the patient became more conscious of her trouble 
and complained of pain behind the ear and do-wn the neck. While the left 
face was being observed the right face became completely paralyzed 
on Alarch 18. She lost the sense of taste completely on both sides and 
with it her appetite. As a result she lost about 40 pounds in weight up 
to .Jul}' 31, 1928. The blood Wassermann test was negative. Spinal 
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fluid examination revealed perfectly normal findings. Roentgen-ray of 
skull and mastoids was normal. No focus of infection was observed. 
The right half of the face recovered completely while the left remained iii 
a somewhat contractured state. 

Case 2. — (M.E.H. No. 3252.) Anna Q., aged 11, was first seen, Julj'’ 19, 

1932. On June 24, the left face first became paralyzed. The previous 
day she had been riding in a car with a breeze blowing in her face. She 
had also been sitting in a draught in a movie theatre. On July 17, she 
went in s-«nmming in the ocean. That same evening the right face became 
completely paralyzed. She had no subjective symptoms. Taste was 
intact. Tonsillectomy had been performed 2 years previously. General 
health was excellent. She was observed at regular intervals up to June, 

1933. There has been a distinct improvement, although the left face still 
shows weakness. 

Case 3. — (B.H. No. 85560.) Mrs. G. B., housenufe, aged 42, was first 
seen in the dispensary, December 19, 1929, with a paralysis of the right 
face of 7 days’ duration. It was sudden in onset and accompanied by 
pain in the face; “I was exposed to a draught.” In about 7 weeks she 
had recovered completely. This first attack was attended with consider- 
able anxiety. On October 14, 1930, the patient again returned to the 
dispensary. At tliis time the left face was completely paralyzed. Not 
realizing for the moment that this was a different seizure, I asked her how 
her face was getting along. She answered, “ Wh 3 ’-, doctor, this is a brand 
new spell,” and was quite surprised that I did not realize this fact. She 
was not at all alarmed on the second occasion. The left face felt stiff. 
She also complained of pains in the left side of the neck. Tins paralysis 
recovered in a very short time. 

Case 4.— (B.H. No. 44667.) F. H., male, aged 28, on October 25, 1927, 
developed a right facial palsy. He had no pain, but complained of peculiar 
feeling in the right face. The right half of the tongue felt numb. Recovery 
was complete. Three years later, December 9, 1930, he returned with 
the left half of the face paralyzed. As in the case described above, a 
similar mistake was made. In scanning the chart hastily, it was thought 
that this was the same attack previously treated. I was pleasantly sur- 
prised to learn that this was a different attack. Two days before the 
onset of paralysis, the left half of the tongue felt numb and thick. Pain 
was experienced anterior to the ear around the left border of the jaw. 
Occasional tvdtchings of the left face occurred. Objectively the sense of 
taste was lost on the left. There was no subjective taste disturbance. 
The face recovered completely by .January 20, 1931. 

Case 5.— (M.E.H. No. 3513.) S. 0., male, aged 32, was first examined, 
Februarj" 9, 1929, because of a right Bell’s palsy which had developed on 
January 22. The right face had improved considerably on March 16. 
On March 19, the left face became completely paralyzed. He was very 
much upset. The possibility of a second attack had not iDeen mentioned. 
He felt that he had been “let domi.” He suffered much more with this 
second attack. Pain wws complained of behind the ear over the mastoid 
area. Tinnitus m the left ear and a very ann 03 ing persistent taste in the 
mouth were distressing. 

The above 5 cases all had the second attacks of facial paralysis 
on the opposite half of the face. In all, the blood Wassermann 
test wms normal. Also, urinal 3 "sis revealed no abnormal findings. 
No demonstrable focus of infection could be elicited. No case 
complained of blisters in the ear or of a watery discharge from the 
ear. 
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Id the second group are included those patients in whom 1 attack 
was witnessed by me, who gave a trustwortly history of a preceding 
attaek. It is noteworthy that patients with a second attack are 
not so apt to be disturbed emotionally by the renewed insult. 

Cases with second attack on same side (relapse): 

Case 6.~(N.Y.U. No. 580.) M. G., female, aged 25. Left peripheral 
facial paralysis. Not at ah. upset by the occurrence. She gave a history 
of pains “about over the left mastoid process” and had noted a distinct 
disturbance of taste at the time of onset. Seven years previously, at the 
age of 18, she had had an attack of facial paralysis on the same side of the 
face. Her face returned to normal in a comparatively brief period. 

Case 7.— (N.Y.U. No. 1703.) W. L., male, aged 50, reported with a 
right peripheral facial palsy. There was loss of taste, subjective and 
objective. This patient reported a definite attack on the same side of 
face 4 years ago. This recovered completely. 

Case 8.— (B.H. No. 112681 D.) L. T., female, aged 18, presented a 
complete right peripheral facial paralysis, with insidious outset. No pain 
was complained of. She had noticed a disturbance of taste. Loss of taste 
on this side was proven by testing. According to her mother, and also well 
remembered by the patient, she had had an attack of peripheral facial 
palsy on the same side 8 years earlier, which recovered completely. It is 
of interest that a sister also had a Bell’s palsy. 

Case 9.— (B.H. No. 11990.) S. 0., male, aged 20, reported to the 
dispensary for treatment of a left facial paralysis.^ This pals}"- was noticed 
a few days ago. The preceding day he had noticed pain behind the left 
ear and a tendency to watering of the left eye. The weakness was first 
found out in the morning on arising. He did not complain of any change 
in taste. Testing showed loss of taste on the left anterior portion of the 
tongue. Two years before, this patient had had a similar attack on the 
same side of the face. According to the patient, this paralysis cleared up 
almost completely. 

Case 10. — (B.H. No. 133139.) M. I., male, aged 23, was seen, July 5, 
1932. The present attack began a week earlier and was rather insidious 
in onset. Tavo days previously he had noticed pain just below the left 
ear at the angle of the jaw. There was no subjective taste disturbance. 
He was unable to detect sugar solution on the left half of the tongue. 
Taste was normal on the right. This patient, on questioning, revealed a 
previous attack on the same side 6 years before. He recovered completely 
in a “fairly short” period of time. 

Case 11. — (B.H. No. 19603.) E. S., male, aged 35, was seen, in 1926, 
Avith a weakness of the right face. He had a mild pain in the right occipital 
area, but no other subjective complaints or objective findings. He recov- 
ered completely. The patient observed that, in 1917, he had had a similar 
attack on the same side. As far as he could recall, his present symptoms 
Avere the same as those of the former attack. 

Case 12. — (B.H. No. 72954.) M. Z., male, aged 63, was admitted to 
chmc AAuth a left facial palsy. This began on April 29, 1929. As occurs 
m many cases, he went to bed feelmg perfectly well and awoke in the 
morning Avith the facial palsy. The blood pressure was 152 systolic and 
98 diastolic. The patient remarked that 30 years ago, in GlasgoAV, Scot- 
land, he had had a^similar attack on the same side of the face. He soon 
became well. As a consequence he was not at all disturbed by his present 
attack. • j i ■ 

1 13.— (Private patient.) _ J. C., female, aged 21, was seen on June 16, 

1J2U, sunermg from a right peripheral facial paralysis, ushered in AAuth pain 
back of the right ear over the mastoid, arousing a fear of “mastoiditis.” 
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The following day, wliile working in her office, she found that her luoutli 
did not function properly. She looked into a mirror and found her face 
was “ crooked. She complained of a brassy taste in her mouth. She 
has had tonsillitis each year for the past 3 years, but recovered completely 
in 1 month. In 1923, she had a similar attack on the left side of her face, 
which lasted 2 months, wth complete recovery. This attack, in the words 
of the patient, was worse than the present one. 

Case 14.— (Private patient.) R. F., female, aged 23 (Italian). The 
third and present attack (right side) began. May 7, 1933, vnth “a greasy 
taste” on the right side of mouth. Two days later the right half of face 
was verj^ painful, including the ear. The patient’s first attack occurred 
in May, 1925, on left half of the face and lasted 1 month. She had a 
pecuhar taste in the left half of the mouth. “I alwaj'^s get a greasj’’ taste 
in my mouth several days before the attack begins.” The second attack 
on left half of face began in 1930, in the spring. It lasted for 3 weeks. 
She experienced no pain. 

Case 15. — (B.H. No. 165555.) G. R., male, aged S4, experienced an 
attack of facial paralysis on the right side 30 3 'ears ago, coming on “during 
the night during a severe thunderstorm.” He recovered in 1 week. The 
second and present attack began 3 weeks ago; . “I went to the barber’s 
and had my hair cut. The next few days I noticed a few lumps on the back 
of my neck and back of my ear. Scabs formed over these (?) lumps. At 
the same time mj’’ right face became paral 3 'zed and it has been paral 3 ’^zed 
ever since.” Taste was lost completely on the right. He shows a complete 
right facial (peripheral t 3 'pe) , is unable to taste sugar on the right half of 
the tongue, but does so on the left. There is marked weakness of the 
orbicularis oculi. 

Cases with second attack on opposite sides (associated with dia- 
betes) : 

Case 16.— (N.Y.U. No. 693.) P. C., male, aged 56, was seen with a 
left peripheral facial palsy which recovered in 6 weeks. At this tune he 
was being treated for diabetes: urinary sugar, +; blood pressure, 140/80. 
He gave a reliable histor 3 '^ of a previous attack 12 3 ’’ears before, with a com- 
plete recovery. Patient remarks that he has had a successful operation 
(Talma) for alcoholic cirrhosis of the liver, 10 3 ’'ears ago. He has taken no 
alcohol since then. The first attack may have been due to alcohol, but the 
second was a pure Bell 13156. 

Case 17.— (M.E.H. No. 10998.) A. L., female, aged 60, reported to 
the clinic, June 14, 1928, with a left peripheral facial weakness.. She was 
receiving treatment for diabetes at the time: urinar 3 '’ sugar, 3.3%; blood 
sugar, 321 mg. This was her third attack of tliis nature. In 1925, her 
right face was paral 3 ’^zed for a time, and again 2 3 ’^ears ago, in 1926, the 
the left side was paralyzed, but recovered (same side of face is involved at 
tins time). 

Cases of recurrent facial palsv', 1 attack of wliich was not strictly 
a so-called Bell’s pals 3 ” 

Case 18.— (N.Y.U. No. 1315.) C. 0., female, aged 29, reported to the 
clinic with a definite paral 3 ^sis of the left face with contracture. Her 
paralysis was of 3 3 '’ears’ duration. The patient had been suffering from a 
chronic discharging ear on the left. (This case is not strictly a Bell s palsj , 
as in view of the chronic otitis media, it is ver 3 ’’ probable that the facial 
nerve was involved as the result of the inflammatory process in the ear.) 
Twelve 3 ’’ears previously she had had an attack of facial paral 3 'sis on the 
right side. She recovered from this seizure completely and showed no 
e^^dence of it at her last visit. 
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Case No. 65382.) G. W., male, aged 36, following a cold, 

developed a left facial palsy. This recovered completely m a few weelcs. 
In March, 1928, he had an attack of facial weakness on the right side of his 
face, associated with tinnitus in his right ear. The facial paralysis^ cleared 
up in August, 1928. However, he has been deaf in the right ear since the 
attack. It is of interest that his blood Wassermann test was 4+. He 
shows no other evidence of lues of the central nervous system or of inore 
important clinical bearing and presents no other angle or systemic signs 
or S 5 '’mptoms at this time. 


Table 

1. — Summary 

OP Data 

OF 

Cases of 

Recurrent Facial Paralysis. 

Case 

No. 

Patient. 

Sex. 

Age. 

Side and times 
affected. 

' R. L. ■ 

Interval between 
attacks. 

1 . 

. L. C. 

F 

IS 

1 

1 

2 mos. 

2 . 

. A. Q. 

F 

11 

1 

1 

3 wks. 

3 . 

. G. B. 

F 

42 

1 

1 

10 mos. 

4 . 

. F. H. 

M 

28 

1 

1 

3 yrs. 

5 . 

. S. 0. 

M 

32 

1 

1 

6 wks. 

6 . 

. M. G. 

F 

25 


2 

7 yrs. 

7 . 

. W. L. 

M 

50 

2 


4 yrs. 

8 . 

. L. T, 

F 

18 

2 


8 yrs. 

9 . 

. S. 0. 

M 

20 

, , 

2 

2 yrs. 

10 . 

. M. I. 

M 

23 


2 

6 yrs. 

11 . 

. E. S. 

M 

35 

2 


9 yrs. 

12 . 

. M. Z. 

M 

63 


2 

30 yrs. 

13 . 

. J. C. 

F 

21 

1 

1 

6 yrs. 

14 . 

. r. F. 

F 

23 

1 

2 

8 and 3 yrs. 

15 . 

. G. R. 

M 

84 

2 


30 yrs. 

16 . 

. P. C. 

M 

56 

• • 

1 

12 yrs. (diabetes, Talma 
operation) . 

17 . 

. A. L. 

F 

60 

1 

2 

3 and 2 yrs. (diabetic). 

18 . 

. C. 0. 

F 

29 

1 

1 

12 yrs. (first. Bell’s; sec- 
ond, mastoid). 

19 . 

. G. W. 

M 

36 

1 

1 

Wassermann, 4-t-; deaf- 
ness, N. on R. 


Discussion. An analysis of Table 1 causes certain factors to 
stand out: 

Age is no bar to a recurrent facial paralysis. The youngest 
patient was 11 years, the oldest 84. 

The sex incidence was fairly even: 9 females to 10 males. 

The intervals between attacks varied between 3 weeks to 30 years. 

The possibility of the attack occurring on the opposite side or 
recurring on the same side is just about even, there being 8 cases 
with both sides involved and 8 cases with the same side involved. 
There were 2 patients with 3 distinct attacks in both of which 2 of 
the 3 attacks recurred on the left side. 

Of a total of 293 cases of peripheral facial paralysis treated and 
examined by the author personally, tlie paralysis occurred again 
19 times (6.4%) from all causes. 

The so-called idiopathic, “rheumatic” or “Bell’s palsy” occurred 
again 15 times in 192 cases (7.7%). 

Ob\'iously the most common cause of recurrence, as well as the 
most common cause of paralysis, is Fallopian neuritis or Bell’s 
palsy. 
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Simmary. Nineteen patients with a story of recurring attacks 
of facial paralysis have been considered. Five of these" patients 
were observed in both of their attacks. The remaining 14 cases 
gave a reliable history in most cases unsolicited of a previous 
occurrence. 

Just as singly the seventh cranial nerve is the most commonly 
paralyzed nerve in the body, it is also subject most frequently to 
recurring attacks. 

The frequency is 6.4% from all causes, or 7.7% in cases of a 
Fallopian neuritis or pure Bell’s pals 3 ^ 
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PATHOLOGIC PHYSIOLOGY OP THE NEURO GLANDULAR 

SYSTEM.* 

By George Crile, M.D., 

CLEVELAND CLINIC, CLEVELAND, OHIO. 


We have been prone to consider that each gland acts inde- 
pendently of all the other glands as well as independently of the 
nervous S 3 ’'stem. Not only q^re there students of individual organs, 
but there are even students of parts of an organ. Thus there are 
students of the cortex and students of the medulla of the adrenal 
glands, of the sjunpathetic system exclusii’-ely and of the brain 
exclusively. Great progress has been made by these investigators, 
but many are still apt to think of each gland and of the several 
parts of the entire nervous system as each endowed with a power 
of independent initiative and action. It would appear that the 
time has come when we may put out of our minds the concept that 
any unit of the great energy system of the organism has inherent 
initiative. 

The organism is normally driven adaptively, that is, only within 
the range of such activity as is to the advantage of the organism. 
However, when the various mechanisms of the body, brain, glands, 
muscles, etc., become so facilitated that they become active beyond 

* From paper read before the Philadelphia County Medical Society (/Vnmial 
J. Chalmers Da Costa Oration), Philadelphia. Pa., April IS, 1934. 
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the bounds of adaptive and beneficial work, the activity being quali- 
tatively normal but quantitatively abnormal, then we may say 
that a state of pathologic physiology is established. 

When the brain, thyroid and adrenal-sympathetic system are in 
a state of pathologic physiology, the entire organism is speeded 
even to destruction and death. When the automatic, self-energiz- 
ing switchboard and the thyroid and the adrenal glands are equally 
speeded, hyperthyroidism results; but hyperthyroidism is a mis- 
nomer, the term hyperkinetidsm is more exact. 

Instead of a pathologic physiology of the entire mechanism, there 
may be a pathologic physiology of one or of a group of glands, or 
organs or of the nervous system. The thyroid gland cannot of 
itself initiate a hjqierplasia any more than a motor car can start 
itself; yet the thyroid gland “comprehends” when it is winter, for 
it enlarges during the winter. It “comprehends” when the mating 
season comes, for it enlarges during the mating season; it “compre- 
hends” that some part of the organism has tuberculosis, for it 
becomes enlarged during tuberculosis. The adrenal glands, like- 
wise, enlarge and become active in winter, in the mating season 
and in the presence of infection. 

When a zebra sees a lion, the brain is the switchboard which 
throws this switch and closes that switch, passing the impulses to 
certain muscles, inhibiting others, sending impulses to the thyroid 
and to the adrenal-sympathetic system, inhibiting the impulses 
that normally go to the procreative organs, the digestive organs 
and all that part of the body that will not participate in the action 
that is about to take place. We have become familiar with the 
great output of adrenalin and the profound stimulation of the 
thyroid gland, the sympathetic system and the brain that occurs 
during the sudden get-away of the zebra. The brain has no power 
within itself to speed up, but it is speeded up by the adrenal and 
thyroid hormones. The brain is like a flame glowing all the time 
and, like any other flame, it flares up under accelerators of oxida- 
tion. Thus the sight, smell or sound of one animal may act power- 
fully on the thyroid-adrenal-sympathetic system of another animal. 
There is no break in the continuity between the thyroid-adrenal- 
sympathetic system of the zebra and the thyroid-adrenal-sympa- 
thetic system of the lion. 

If there is a widespread stimulation of the neuroglandular system, 
that form of pathologic physiology Avhich we call neurocirculatory 
asthenia may result. If the excessive stimulation of the sympa- 
thetic nervous system involves the pylorus with resultant sphincter- 
ismus, that form of pathologic physiology which we call peptic 
ulcer may be produced; if it involves the intestines, that form of 
pathologic physiology which we call spastic constipation may 
result. If the disturbance of the function of the pancreas continues, 
that form of pathologic physiology which we call diabetes may 
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result. If the contmued activation affects several glands— the 
pituitary, the thjToid, the adrenals, the pancreas, the gonads, that 
form of pathologic physiology which we call polyglandular disease 
results. 

These diseases which result from a pathologic physiology of the 
neuroglandular system are peculiar to civilized man. Hyperthy- 
roidism, neurocircuktory asthenia, peptic ulcer, diabetes, poly- 
glandular disease do not appear in animals in the wild state and 
rarely in domesticated animals. They are exceedingly rare in 
primitive man and are uncommon in the lower ranks of civilization. 
The more highly civilized man becomes, the more prevalent do 
these diseases become. 

We have spoken of the pathologic physiology of the brain-thyroid- 
adrenal-sympathetic sj'stem as the result of coniinved activation 
or stimulation. Pathologic physiology of this system may likewise 
be the result of repeated stimulations, that is, there may be a 
training or education in pathologic physiology. In a man or woman 
who is predisposed by heredity and temperament to excessive fears, 
worries and strivings, or who, though normally poised, is excessively 
driven by misfortune, permanent changes may be wrought. Just 
as bj^ repeated repetition in school the action patterns of tire school- 
boy’s brain are created and subjected to a specific facilitation by 
his teacher in his training and education, just as repeated painful 
injuries facilitate pain, just as agreeable or disagreeable personali- 
ties facilitate attraction or repulsion, just as repetition produces 
habits, discontents and familiarities, so repeated activations in the 
neuroglandular mechanism cause such excessive facilitation that 
normal stimuli produce abnormal reactions. In other words, there 
may be a process of training and education in pathologic physiology 
analogous to training and education in Latin and mathematics. 

Not only may the nervous system be facilitated or educated to 
disease as well as to health, but the nerve pathways, ganglia and 
synaptic junctions also presumably may be facilitated for either 
good or evil, and under pathologic stimulation the cellular structure 
of the thyroid gland may grow in actual size and thereby secure 
for itself an increased capacity for work. That is to say, we may 
think of chemical training or education by repeated stimulation, no 
less than of physical training or education by repeated stimulation. 

In some such manner an hereditary predisposition played upon 
by adverse factors in the environment or in a normal indi^’■idual 
under excessive strain, in one case may be looked upon as producing 
hjTjerthyroidism, in another as pathologically sensitizing the 
adrenal-sympathetic system, in another as “stepping-up” the brain 
to its breakdovm, or so facilitating the digesti%^e mechanism in its 
activations and its inhibitions as to cause spastic colitis, hM>er- 
acidity, peptic ulcer or indigestion. In some individuals, the glu- 
cose mobilization mechanism may become so affected that diabetes 
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appears, while in others the sj’mpathetic ganglia become so facili- 
tated, so trained, that the resulting excessive flow of action currents 
to the walls of the bloodvessels of the extremities leads, for instance, 
to Raynaud’s disease. 

These diseases seem to be largely due to hyperactivity of the 
group of organs that initiate and continue the transformation of 
energy. Therefore, diseases which are due to pathologic education 
or facilitation and exliaustion maj'^ be termed kinetic diseases.^ 

If our reasoning is correct, and if our premises are established, 
then neurocirculatory asthenia, hyperthyroidism, peptic ulcer and 
diabetes belong to the group of so-called kinetic diseases — where 
there has been bred a sustained, abnormally high activity of the 
entire brain-adrenal-sympathetic system. The pathologic, emo- 
tional states leading up to hyperthyroidism, neurocirculatory 
asthenia or peptic ulcer may be regarded as similar to “fixed ideas” 
which produce a pathologic activation of one or more parts of the 
neuroglandular system. 

Just as pathologic education or facilitation may lead to one or 
another of these kinetic diseases, so education and training may 
prevent or in certain cases may even cure these diseases. In too 
many cases, however, the pathologic physiology is so established 
that training and education must be aided by mechanical inter- 
ferences with the facilitated mechanisms. Thus a mild case of 
hyperthyroidism may be cured by a sufficient period of rest; a 
peptic ulcer may be quieted by rest and diversion. But a return 
to the customary— too often abnormal— activities of life is almost 
certain to result in recurrence. 

We have, therefore, applied the decisive test of the clinic to our 
conception of these kinetic diseases by lessening the power of the 
adrenal-sympathetic system. To this end we have performed 350 
operations on the adrenal glands (53 adrenalectomies and 297 de- 
nervations). 

It should be emphasized that, in the presence of ps^'^choses, neu- 
rasthenia, or any condition in which the seat of disturbance is in 
the brain, adrenal denervation is contraindicated. These are not 
kinetic diseases and the adrenal-sympathetic system is not involved. 

Since epilepsy involves rhythmic hyperactivity of the entire 
energy system— nervous system, muscular system and glandular 
system, and since the execution of such a body-wide activity in- 
volves the glands that govern energy as well as the brain and nerve 
ganglia, one might expect that denervation of the adrenal glands 
and the excision of nerve ganglia might mitigate the severity of 
tlie attacks; might convert a major into a minor epilepsy, and pos- 
sibly might even eflect a cure. Even if it were possible only to 
convert attacks of grand mal into those of petit mal, it would be 
well worth while. We have treated 46 cases of epilepsy by various 
tjqDes of dekineticizing procedures, 29 by denervation. Sixty per 
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cent liave sIiowti improvement or cure, while in 7 cases the operation 
has been performed too recentlj’- for any judgment as to the results. 

Our total series includes 129 cases of neurocirculatory asthenia 
Avith improvement or cure in 93% of the. uncomplicated cases; 84 
of hjTierthjToidism with cure in 100%; 40' of peptic ulcer witli 
improvement or cure in 96%; and 11 cases of diabetes. In all of 
the cases of diabetes, hj^erthjToidism was present also and as one 
would expect, with the cure of the hjnperthjuoidism the diabetes 
was ameliorated or cured. 

In 9 cases of pol 3 ’-glandular disease or endocrine imbalance mani- 
fested especiallj’’ by hu’sutism and obesity, denervation has been 
followed b}”^ disappearance of the hj^iertrichosis and restoration of 
a normal habitus. 

Summary. We have proposed a pathologic functional state of 
the brain-thjToid-adrenal-sjTnpathetic system as the primary cause 
of a group of diseases occurring especiallj’' in civilized man. We 
have drawn attention to the energj'^ characteristics that distinguish 
man. We have emphasized the fact that the brain and the sym- 
pathetic nervous system and the glands are indissolubly linked 
together in function; that the one component of the nem’oglandular 
system that can be normally and pathologically conditioned is 
nerve tissue, that is, the brain and sjnnpathetic nervous system; 
that the glands cannot be so conditioned; that the brain and the 
sympathetic system can be conditioned only with the collaboration 
of certain hormones and that in the case of civilized man the rise 
especiallj’' of the thjn-oid gland has so facilitated the conditioning 
of the brain that man owes his distinctions and his diseases to this 
unique collaboration. In support of this conception, there are 
offered the clinical results of the application of this principle in 
350 cases of hyperkinetic diseases improved bj*^ dekineticizing 
procedures. 
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Conception Period, of Women. ByJDR. Kytjsaku Ogino, Head of the 
Gynecological Section of Takeyama Hospital, Niigata, Japan (Nippon). 
English Translation by Dr. Yonez Miyag.wa, Director of Government 
Institute for Infectious Diseases, Tokyo Imperial University, Hongooku, 
Tokyo, Japan. Pp. 94; 22 tables. Harrisburg; Medical Arts Publishing 
Company, 1934. Price, SI. 00. 

The Thesis : 0\ailation time is from the 16th to the 13th day before the 
next coming menstruation, and the life duration of the ovum not fertilized 
is less than two days. Spermatozoa in the uterus and tubes_ retain for not 
over three days their ability to fertilize an ovum. The period of possible 
conception for women is therefore -within the 8 days from the 19th to the 
12th before the oncoming menstruation, whatever the length of- the men- 
strual cj^cle. Exceptions to these findings are so rare as to be unimportant 
in practical life. 

Comment: The author is very sure of these conclusions, presents them 
in convincing manner, with much scientific data, and a considerable mass 
of human record material. The author and the pubhsher claim an altruistic 
attitude toward a needy public. The Rhythm, by Latz, and The Sterile 
Period in Family Life, by Coucke and Walsh are other attempts to present 
for practical use this physiology worked out by Ogino, and by Knaus of 
Austria. Dr. A. G. Miller of Hobart, Indiana, accepts this thesis, and is 
quoted at length in this book. 

If the theory proves to be fact, curiously delayed in coming to light, we 
predict great advantage from its application. If it proves too good to be 
true, and does not work in practice, hopeful multitudes -win be disillusioned 
if not desperate. Other pubhshed medical evidence, notably a series of 
1432 dated conceptions collected by Dickinson & Bryant, show a high 
fertility during the 5 to 7 days just after menstruation but before Ogino’s 

8 fertile days in midmonth. This would be explained by longer life for the 
sperm cell than Ogino has found. There is general agreement among all 
students of fertility on the existence of a practically sterile period for the 

9 to 11 days after ovulation and before the next menstruation. But there 

appear to be few American physicians -willing yet to ad-vdse patients to 
trust a safe week just following menstruation. L. D, 


Amebiasis and Amebic Dysentery. By Charles F. Craig, M.D., M.A. 
(Hon., Yale), F.A.C.P., F.A.C.S., Colonel, United States Army, Retired, 
D.S.M., Professor of Tropical Medicine, and Head of the Department of 
Tropical Medicine, School of Medicine, Tulane University of Louisiana, 
New Orleans, etc. Pp. 315; 54 illustrations. Springfield, 111.; Charles 
C Thomas, 1934. Price, 85.00. 

The book opens vdth an introductory chapter which includes a brief 
historj’- of the disease, and the parasite, and the present geographic distri- 
bution. Then follow, in the order listed, sections on Etiology, including 
discussion of the morphologj’^ and life cj'cle of the parasite, on Epidemiol- ' 
ogJh Pathologj’^, Sjjmptomatologj’-, Complications and on Diagnosis; the 
last named containing extended consideration of complement-fixation tests 
and culture media. Prognosis, Prophjdaxis and Treatment are discussed in 

voi.. ISO, xo. 3. — FEBnu.^nr, 1935 10 
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two final cliaptei-8. l’a])crs to which reference is made arc listed at the end 
of each chapter. Authors and Subjects are indexed separately. In general, 
illustrations are well chosen; but several which are intended to show tissue 
reactions and others of stained ameba are of little value. Also, available 
material does not entirelj’’ support the opinion that Endamoeba histoljdica is 
an obligate tissue parasite; nor does the acknowledged efficacy of amebicidal 
drugs allow' treatment to proven cure of all wdio are infected. On the whole, 
however, the book is a reasonably complete and up-to-date discussion of a 
subject which probably has attracted more attention recently than it 
deserves. H. R. 


The Radiology of Bones and Joints. By J.\mes F. Brailsford, M.D. 
(B’ham), M.R.C.S. (Eng.), Radiological Demonstrator in Lning Anat- 
omy, The University of Birmingham; etc. Pp. 500; 310 iUustrations. 
Baltimore: William Wood & Co., 1934. Price, S9.00. 

In this volume the author gives a comprehensive survey of the radiologj" 
of the bones and joints. Each regional portion of the skeleton is considered 
indmdually. Reference is made to the ossification, the normal anatomy 
and anomalous development of the part, in addition to a description of 
the numerous pathologic processes to be encountered. A few pertinent 
facts regarding roentgenologic technique are also included. References to 
the literature are quite numerous and a long bibliography is given at the 
end of the book. The text is amply illustrated by reproductions of roent- 
genograms of excellent quality. 

The subject matter is well presented, clear, concise and quite complete 
as regards the many pathologic conditions which may affect the human 
skeleton. However, the attempt to deal with a subject of such vast pro- 
portions in a single volume has made the reference to the individual disease, 
of necessity, verj”- brief and at times too sketchy to be of real value. As a 
quick and ready reference for the busy radiologist in his daily contact with 
diseases of the bones and joints, this w'ork will find its greatest mission. 

K. K. 


The Patient and the Weather. Volxjaie III. Mental and Nervous 

Diseases. By William F. Petersen, M.D., with the assistance of 

Margaret E. Milliken, S.M. Pp. 375, lithographed; 192 illustrations. 

Ann Arbor, Mich.: Edw'ards Brothers, Inc., 1934. Price, S5.00. 

This, the third of a series of volumes on the relation of the weather to 
disease, presents the neuropsychiatric vieivpoint and gives detailed obser- 
vations for the use of investigators. 

Part I. Interesting chapters are devoted to Focal Reaction in the Psy- 
choses; O.xidation; Malformations; Mental Superiority, Insanity and 
Inferiority; Seasonal Conception and Suicide. Part II. Psychiatric Epi- 
sodes and the Meteorological Background ; Interrelation of Clinical Status, 
Blood Chemistrj' and Meteorological Environment of Eighteen Psychiatric 
Patients. Part III. Multiple Sclerosis; Tabes and Paresis; Poliomyelitis 
and Aleningitis. 

As delineated bj'' these authors, the effects of meteorologic conditions may 
possibly be so far-reacliing as to affect the ovum before fertilization and thus 
bear upon the future stability of the indmdual. A fling is taken at psycho- 
analj'sis: “In that illuminating studj'’ ‘Leonardo da Vinci’ Freud builds 
up his entire thesis on a dream of the infant Leonardo— a dream w'liich 
I^onardo maj' never have had !” 

Some of the subject-matter is controversial, but the research is stimu- 
lating and should prove useful. N. Y. 
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Kkbbs im Liciite biologiscuer vnd vergleichend anatomscher 
Forsciiung. By Med. Dr. Jos. Lartschneider, Linz a. d. Donau. 
Volume 2, No. 1, Albuminoidc, Scliilddriise, Kropf, Hypophyse, Lier- 
stock, Adenosis. Pp. 94; 19 illustrations. Leipzig; Franz Deuticke, 1934. 
Price, Rm. 5. 

This is the second pamphlet of a series, which under an appealing general 
title assails such doctrines as the Cell Theory, “omnis cellula e cellvM 
and so on in an unconvincing manner, aggravated by obscurities, of thought, 
style and arrangement of material. A characteristic sentence ivill illustrate : 
the anterior lobe of the hypophysis “ist eine Driise vom Typus des mensch- 
lichen Eierstbckes, bestehend, wie dieser, aus lauter in gemeinsames, von 
geriiumigen Capillaren durchzogenes Stroma gebetteten, nicht epithelial 
ausgekleideten, den Pfliiger’schen Eierstockschlauchen ahnlichen Schlau- 
chen.” The illustrations, poorly reproduced from standard texts, constitute 
the best part of the book. E. K. 


Mental Hbaltu; Past, Present and Future. _ By Arthur Hiler 
Buggles, M.D., Superuitendent of Butler Hospital, Providence, R. I. 
Pp. 104. Baltimore: The AVilliams & Wilkins Company, 1934. Price 
S1.50. 

Tins addition to the literature on Mental Hygiene tells the need of 
public enlightenment and of greater concerted effort among workers, if 
we are to stem the rising tide of mental inadequacy. Statistics have been 
avoided and this is well for they may, unwittingly, prove deceptive. Just 
to mention two of several possible errors: formerly, many unfit died through 
neglect; today, every nook and corner is searched and all sorts of individuals 
who previously escaped statistical scrutiny now swell the list of the inade- 
quate. Surely, an absolute increase is shown, but that we have a great 
relative increase is doubtful. Nietzsche said this civilization would end in 
madness and set the example himself. Of courses the situation is bad — it 
always has been. But despite the deficiencies of our jungle-forebears, we 
are here today. N. Y. 


Practical Talks on Heart Disease. By George L. Carlisle, M.D., 
Associate Professor of Clinical Medicine, Baylor University, Dallas, 
Texas. Pp. 153. Springfield, 111.; Charles C Thomas, 1934. Price, $2.00. 
Every practitioner of Medicine should have tliis book in his library: 
it is essentially practical and written in the intimate manner which makes 
Sir James Mackenzie’s ahd Sir Thomas Lends’ books so interesting. There 
is none of the confusing multitude of references which, unfortunately, 
fill most medical publications in this country. The order in which the 
subjects are presented may be criticized, as it would seem wise to follow the 
Nomenclature approved by the American Heart Association, namely, to 
present Cardiovascular Disease in the order of Etiological Factors (Con- 
genital Developmental Defects, Rheumatic Fever, Syphilis, Hypertension, 
Arteriosclerosis, etc.). Carlisle makes the sound statement that "It takes 
lime to take a history, hut it is the most important point in examining a patient 
for any disease, and the heart case is no exception.” Reference to venous 
engorgement of the cervical vessels is omitted in the first chapter, but 
mentioned in the second. The author locates the apex beat and left cardiac 
border from the nipple line in man, and the midclavicular line in women- 
It IS more customarj^ to locate it in centimeters from the midsternal line! 
I do not agree with the author that percussion of the cardiac diameters is a 
waste of time; but I certainly agree that considerable time should bo spent 
on arriving .at an average blood pressure, rather than merely making one 
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observation . His statement maj’ be questioned that "A thrill always means 
an abnormal heart but not by any means a serious heart affliction." The 
summarj^ of our knowledge of hypertensive heart disease with suggestions 
as to treatment, is practical and well presented. His admittedly personal 
enthusiasm for vSmall’s serum and antigen of "Streptococcus cardio-arthri- 
tidis” in the treatment of rheumatic fever is not shared bj’- most cardiol- 
ogists. He saj's “The systolic pressure may be 200 or more and the dias- 
tolic 20, 30 or even down to zero." Certainly a diastolic pressure of zero 
is not compatible vdth life; if the diastolic pressure is determined by the 
fourth phase, diastolic pressure wiU seldom be found below 20. It is astound- 
ing that, in an otherwise accurate book, there should be the apparent con- 
fusion in the differential diagnosis between acute rheumatic heart disease 
and subacute infective endocarditis. The author has described embolic 
phenomena with an elarged spleen and red cells in the urine in acute rheu- 
matic heart disease; of course these are diagnostic phenomena in subacute 
infective endocarditis. His chapter on Premature Contractions or “Extra- 
S}"stoles” is a masterpiece. The consideration of Angina Pectoris might 
be criticized for omitting a more definite differential diagnosis between 
angina of effort and coronary occlusion. Under Treatment in Coronniy 
Obstruction, no mention is made of an oxygen tent or chamber. The 
chapter on Cardiac Neurosis shows balance and good judgment, the book 
ending with the sentence "Intense fear of heart disease is more distressing 
than most real heart disease." In summary, this book must be classified 
in American medical literature as one of the major contributions on the 
subject of cardiovascular disease. W. S. 


Fifty Years of Medicine and Surgery. An Autobiographical Sketch. 
By Dr. Franklin H. Martin. Forewords by William J. Mayo, M.D., 
Eochester, Minn., and George W. Crilb, Cleveland, Ohio. Pp. 449; 
illustrated. Chicago; Surgical Publisliing Companj’’, 1934. Price not 
given. 

“A constructii'E dreamer" and “one of the most distinguished of 
/Imerican surgeons,” as he is called by G. W. Crile and W. J. hlayo in the 
two Forewords, Franklin Martin should have interesting things to tell us. 
His two major achievements, the creation of a great medical journal "Sur- 
geiy, Gjmecologj' and Obstetrics” and the founding of the American Col- 
lege of Surgeons, are covered in 6 and 102 pages respectivelj’^; yet the descrip- 
tion of the tribulations and success of the CoUcge-^histoiy^ in the making — 
is none too long. Nor vdll it be as interesting to most readers as the earlier 
parts of these reminiscences, telling in a sunple, artless and entertaining 
stjde the professional and persomal life of a rising jmung Chicagoan. For 
the author’s first 30 years one must turn to the first 10 chapters of his other 
autoliiography, “The Joy of Living.” E. K. 


Hormone und Innere Sekretion. (Band 19 of Wissenschaftliche Forseh- 
ungsberichte Natum’issenschaftliche Reihe, Herausgegeben von Dr. 
Raphael Ed. Liesegang, Fnankfurt a. M.) By Dr. Fritz Laquer, 
Wuppertal-Elberfeld Professor an der Universitat Franlcfurt. Pp. 3GS. 
Leipzig: Theodor Steinkopff, 1934. Price, Rm. 18. 

In the 61 j’ears that have elapsed since the first edition of this summary' 
of the endocrine situation, the author has examined ten thousand new 
articles of whicli over six thousand have been “noticed” ! For insulin alone 
124.5 references are given, and the thyToid, parathyToid, adrenals, hypoph- 
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ysis and gonads get equally generous treatment. The th^unus and puieal, 
circulatorj'- and intestinal hormones, and those of hypothetical nature, 
receive consideration in a final chapter. While such an approach neces- 
sarily produces a summary style that discourages consecutive reading, 
it has produced a useful guide through a devious field and a very Amluable 
book of reference. E. K. 


Verhandlungen der Deutschen Gesellschaft FEB Keeislaefforsch- 

ENG. Seventh Session. By Professor Dr. Eb. Koch, Bad Nauheim. 

Pp. 326; 65 illustrations. Leipzig: Theodor Steinkopff, 1934. Price, 

. Rm. 15. 

AjiIDNg the numerous articles, chiefly on thrombosis and embolism — the 
topic to which this session was devoted— those by .^choff, Dietrich_ and 
Morawitz are pre-eminent. For Aschoff, thrombosis is not due to a single 
cause, but rather a function of a number of variables chiefly of a physical 
nature. Important are the number and agglutinability of the platelets and 
such hmnoral factors as the blood velocity. For Dietrich, the relations of 
the blood to the vessel waU, as brought out by endothelial sensitization 
experiments, is of prime importance. Morawitz, from an eclectic clinical 
viewpoint, accepts blood and vessel wall changes of toxic, infectious and 
allergic nature, but emphasizes the nutritional factor. For his capillary 
thrombometer he claims the important ability to estimate the tendency 
to thrombosis from examination of blood samples. E. K. 


Erbpathologie, Ein Lbhrbech FEB Xrzte. (Band 18 of Medizinische 
Praxis, Sammlung fiir Arztliche Fortbildung. Herausgegeben von Prof. 
Dr. L. R. Grote, Prof. Dr. A. Fromme, Prof. Dr. K. Warnekros.) By 
Dr. 0. Freiherr von Vebschuer, Ausserordentlicher Professor der 
Universitiit Berlin und Abteilungsleiter am Kaiser-Wilhelm-Institut fiir 
Anthropologie, menschliche Erblehre und Eugenik, Berlin-Dahlem. 
Pp. 213; 32 illustrations. Leipzig: Theodor Steinkopff, 1934. Price, 
Rm. S. 

This 18th volume of a series devoted to practical postgraduate medical 
education tacldes a difficult subject. To bridge the gap between the scien- 
tifie and practical aspects of heredity in disease, the first half of the book 
gives a none-too-clear exposition of Mendelism, Mutations, Constitution 
and Race-pathology. In the second half is found an alphabetical list of 
diseases in which heredity may play a part. So many are included that 
often they have to be dismissed with some such statement as: “Athetosis 
has been observed in families.” A final section of 40 pages endeaAmrs to 
apply Erbpathologie to the etiologjq pathogenesis and treatment of dis- 
ease. E. K. 


The Spastic Cmnn. A Record of Successfully Achieved Muscle Control 
in Little’s Disease. By Marguerite K. Fischel. Pp. 97; 2 illustra- 
tions and 14 figures. St. Louis: The C. V. Mosby Company, 1934. 
Price, .81.50. 

The author of this book for lay readers describes her methods, many 
of them self-devised, for combating the various manifestations of Little’s 
uisease in lier son from his infancy to his sixteenth year. The special 
training program included physical, educational, and psychological 'ap- 
proaches The text is biographical and is intimately individualized, Al- 
tlioiigli the nece.ssity for courage and patience is quite projierly emiiliasized. 
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many generalizations dra\\-n by the author are hardly acceptai^lc. Some 
of her methods, indeed, would be ineffectual or even harmful if applied in- 
discrimnately in more severely affected cases of Little’s disease or in spastic 
afflictions whose courses are progressive rather than stationary or regressive. 
The book should offer hope and encouragement to parents, but as a tech- 
nical guide to the management of spastic children generally it is not to be 
recommended. M. C. 


Maxual of Clinical Kaboratory Methods. By Pauline S. Dimmitt, 
Ph.G., Medical Technologist for the Stout Clinic, Sherman, Texas, etc. 
Pp. 156 ; 36 illustrations, including 7 colored plates. Pliiladelphia ; F. A. 
DaATs Company, 1934. Price, S2.00. 

This little manual presents the usual technical steps employed in a 

hospital Iaborato^% including the ' - ' " and Van den 

Bergh tests, the icteric index and i ■' ■■ ■ ■ ■ ' ■ pregnancy, and 

for the diagnosis of Hydatidiform Mole and chorionepithelioma. ' 

Vfliile brevity is always desirable the subject matter in this manual seems 
to have been too briefly considered. For example, the whole discussion 
on human parasites is in four sentences. Often onlj^ a single procedure is 
outlined for an important examination and here the choice of test may be 
questioned by many. An example of tliis is the selection of a drop method 
(watch-glass and glass bead) for determining the coagulation time of blood. 

Only the steps in performing the various tests are given. The sources of 
error are not discussed and reasons for important steps are omitted. To 
use this manual one should already have an excellent knowledge of the 
subject matter to adjust an error or overcome other difficulties that a 
technician verj’’ often meets. J. B. 


Synopsis of Genitourinary Diseases. By Austin I. Dodson, M.D., 
F.A.C.S., Professor of Genitourinarj^ Surgery and Genitourinary Sur- 
geon to the Hospital Division, Medical College of Virginia. Pp. 275; 
111 illustrations. St. Louis; The C. V. Mosby Company, 1934. Price, 
S3.00. 

A MOST exceptionally complete, accurate and safe compendium of the 
entire field of iirologjL Its 14 chapters are equally thorough, though brief, 
and present in each instance modern thought on etiology, pathology, diag- 
nosis and treatment. It is essentially a student’s guide and a hand}’’ refer- 
ence to the diagnostic methods with wliich the physician in practice should 
be familiar. A. R. 


Clinical Pathology of the Laws. By Kurt H. Thoma, D.M.D., 
Charles A. Brackett Professor of Oral Pathologj’- in Harvard Uni- 
versity; Oral Surgeon to the Brooks Hospital, etc. Pp. 643; 423 illus- 
trations. Springfield, HI.: Charles C Thomas, 1934. Price, 89.00. 

The endeavor of the author “has been to produce a complete work, 
including all malfonnations, diseases, and neoplasms of the jaw.” It 
was designed as a textbook for students as well as a reference book for 
investigators and practitioners. Illustrations are numerous; the photo- 
micrographs excellent. Some of the reproductions of gross specimens, 
wliich arc less satisfactorj’- .should be omitted or improved in a second 
edition. In their present form thcA' arc of little aid in recognizing the con- 
dition described. 

The clinical asjiects are made more realistic by the inclusion of rase 
histories, following the lead of Cabot and Moral (I'’.infiilirung in die Klinik 
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der Zalm- u. Mundkranklieiten, Leipzig, 1920). The manner in which the 
subjeet matter is treated will go far toward demonstrating the indispen- 
sability of pathology in surgery. Thoma’s experience in surgery and mter- 
est ia pathology warrant that careful attention be given to his opmion. 
Most of the conditions described are either never or very rarely seen by the 
general practitioner of dentistry. If occasionally he feels oppressed by 
the monotony of liis work, he will be refreshed by spending a few half- 
hours over this work which deals with a related if somewhat novel field. 

The Reviewer is curious about two omissions. In the chapter dealing with 
fractures of the jaws, no consideration is given to the recent monograph 
by Ivy and Curtis (Fractures of the Jaws, 1931, Lea & Febiger, Phila.). 
Likewise it is hard to understand how Dorrance’s views (Operative Story 
of Cleft Palate, 1933, Saunders, Phila.) can be completely disregarded 
in any discussion of cleft palate and harelip. 

Typography and general physical make-up are in every respect admirable. 

J. A., Jr. 


Gracian’s Manual. By Dr. Martin Fischer, Professor in the Univer- 
sity of Cincinnati. Pp. 305; 2 illustrations. Springfield, lU.: Charles 
C Thomas, 1934:. Price, §3.00. 

Dr. Fischer’s translation of these much translated aphorisms has the 
merit, mostly lacking in other translations, of going back to the original 
text. Its “clipped” apostrophic style and content, well presented in the 
translation, may be illustrated by such excerpts as : “ Do not be a scandal 
sheet. Much less be esteemed one.” In evaluation, to follow the golden 
mean that Gracian recommends, these aphorisms may be regarded as char- 
acteristically Jesuitical, expressing a number of high ideals as well as sound 
truths, many of wliich we are slow to admit publicly even in the nineteen 
thirties. E. K. 


Researches in Cancer; Part I (1896-1921: 1922-1932). By Caleb 
Wyand Geeting Rohrer, B.Sc., Shenandoah College, Va.; M.D., 
College of Physician and Surgeons of Baltimore, Md.; M.A. and Ph.D., 
Illinois Wesleyan University, 111. Pp. 144; 22 illustrations. Baltimore: 
The Brentwood Printing Co., 1934. Price, 85.00. 

Having survived “repeated rejections by astute editorial boards,” the 
essays that compose this book have now been privately printed. They 
elucidate the author’s theory of cancer, f. e., that premature birth, the 
primary cause of cancer, is responsible for the groups of inunature cells 
wliich, in line with Cohnheim’s theory, develop into either benign or malig- 
nant neoplasms. An increased supply of oxyhemoglobin to these “fetal 
imperfections” is regarded as the exciting cause. On this basis, the author 
believ^ that he has obtained good results in treating 13 cancer cases vdth a 
glycerinated suspension of fetal tissue. No eiddence is included to support 
ms news. E. K. 


^^abetic Manual for Patients. By Henry J. John, M.A., M.D. 
T.A.C.P., Ma.i. M.R.C., Director of the Diabetic Department and Labo- 
ratories of the Cleveland Clinic. Pp. 232 ; 47 illustrations. Second 
eciition. St. Louis: The C. V. Mosby Company, 1934. ' Price, 82.00. 
^ this edition the diet lists have been fully revised using protein, fat 
ana carbohydrate in the proportions commonly prescribed today. Fewer 
lets are listed m greater variety. Chapters have been added on Marriage 
and Summer Camps for Diabetic Children. The feature of the book con- 
J ^ clear presentation of the disease and its management which 
should encourage the intelligent diabetic. F. l! 
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NEW BOOKS. 

The Advance of Science. Edited by Watson* D.wis, Director, Science 
Ser\*ice, Washington. Pp. 400; " illustrated. Garden Citv, N. Y.: 
Doubledaj*, Doran & Co... Inc., 1934. Price, S3.50. 

The Consdtution and Its Reaciion in Health. By T. E. Hammond, F.R.C.S., 
Assistant Surgeon, The Royal Infirmar3', Cardiff : Consulting Urologist) 
The Welsh National Memorial Association. Pp. 160. London: K. 

Lewis & Co., Ltd., 1934. Price, 7/6. 

Gradan’s Maniial. By Dr. ALvrtix Fischer, Professor in the University 
of Cincinnati. Pp. 305; 2 illustrations. Sjiringfield, HI.: Charles C 
Thomas, 1934. Price, S3.00. (Rei'iew, p. 2S7.) 

Treatment by Diet. By Cufford J. B.\rbork.\, B.S., IM.S., IM.D., D.Sc.. 
F.A.C.P., Department of Medicine, Northwestern LTniversitj* Medical 
School, Chicago; Fonnerty Consulting Phj’sician, The Ma\'0 CUnic. 
Pp. 615; illustrated. Philadelphia: J. B. Lippincott Comiianj*, 1934. 
Price, S5.00. 

The Physical and Mental Growth of Prematurely Born Children. B.v Junius 
H. Hiss, M.D., Professor of Pediatrics, College of Aledicine, University 
of Illinois; Attending Pediatrician, Illinois Research, Cook County and 
Michael Reese Hospitals; George J. Mohr, M.D., Director, Pittsburgh 
Child Guidance Center, etc., and Phyllis F. Bartelene, Ph.D., Psj*- 
chologist, Cook County Juvenile Court, Chicago; Resident Psj-cholo- 
gist, Ristitute for Juvenile Research. Pp. 449; 90 illustrations aud 161 
tables. Chicago: Unii'ersity of Chicago Press, 1934. Price, S5.00. 

The Brain as an Organ. Its Postmortem Studj* and Interpretation. By 
P^ederic Wertham, I\I.D., Formerty Associate in Ps3*cluatr3', Jolms 
Hopkins Hospital and iMedical School, etc., and Florence Wertham, 
Formerly Charlton Fellow in Medicine, Johns Hopkins University, etc. 
With an Introduction 63* Adolf Meyer, jM.D., Ps3'chiatrist-in-Chief, 
Johns Hopkins Hospital. Pp. 538; 'with text illustrations and 166 plates. 
Neu* York: The hlacnullan Compan3’, 1934. Price, S7.50. 

Lectures on Medical Electricity. B3' Elkin P. Cumberb.vtch, M.A., B.i\I. 
(OxoN.), D.M.R.E. (Camb.), F.R.C.P., Medical Officer in Charge, Elec- 
trical Department, and Lecturer on hledical Electricity, St. Bartholo- 
meM'’s Hospital, etc. London; Henr3' Ivimpton, 1934. Price, 6/- 

Transactions of the American Otological Society, Inc., Volume 24, Sixty- 
seventh Annual Meeting, Atlantic City, April 6 and 7, 1934. Pp. 316; 
illustrated. Published 63' the Society, 1934. (No price given.) 

Principles in the Treatment of Inflammation. B3' T. E. H.im.mon’d, 
F.R.C.S., Assistant Surgeon, The Ro3*al Infirmary, Cardiff; Consulting 
Urologist, The Welsh National Memorial Association. Pp. 209, Lon- 
don: H. K. Lewis & Co., Ltd., 1934. Price. 10/6. 

An Atlas of the Commoner Skin Diseases. B3' Henry C. G. Semon, M..Y, 
M.D. (OxoN.), hI.R.C.P. (Lond.), Ph3’sician for Diseases of the Skin, 
Ro3’al Northern Hospital. Phofograph3' under tiie Direction of Arnold 
Moritz. B..\., M.B., B.C. (C.vnt.vb.). Pp. 221 ; 103 colored plates. Balti- 
more; William Wood & Co., 1934. Price, .812.00. 

The New-born Baby. A Manual for the Use of iMidwives and Maternity 
Nurses. B3* Eric Pritchard. M.jV., M.D. (O.xo.n.), F.R.C.P. (Lo.nd.), 
Medical Director, Infants Hospital London: Pediatrician to Queen Char- 
lotte’s Maternity Hospital, etc. Pp. 272; 9 illustrations. London 
Heim- Ivimpton, 1934. Price, 4/6. 



NEW EDITIONS 


289 


Inlernalioml Clinics, Vol. IV, Forty-fourth Series, 198^. Edited by Louis 
Hajiman, M.D., Visiting Physician, Johns Hopkins Hospital Baltimore, 
ivitli 14 collaborators. Pp. 326; illustrated. Philadelplua : J. B. 
Lippincott Company, 1934. (No price given.) 

This volume maintains the improved standard set in the recent reorganization 
of this journal. The 9 medical articles comprise a little more than half the total. 

The Vitamin B Requirement of Man. By George R. Coavgill, Ph.D., 
Associate Professor of Physiological Chemistry in Yale University. Pp. 
261; 8 illustrations, 81 tables and 8 charts. _ New Haven: _ Yale Univer- 
sity Press for the Institute of Human Relations, 1934. Price, 84.00. 

Food and Health. By Henry C. Sherman, Mitchill Professor of Chemistiy, 
Columbia University. Pp. 296. New York; The Macmillan Com- 
pany, 1934. Price, 82.50. 

Body Mechanics. In the Study and Treatment of Disease. By Joel E. 
Goldthwait, M.D., LL.D., Member of Board of Consultants, Massa- 
chusetts General Hospital, etc., Lloyd T. Brown, M.D., Instructor 
Orthopedic Surgery, Harvard Aledical School, Loring T. Swaim, M.D., 
Instructor Orthopedic Surgerj'-, Harvard Medical School, and John G. 
Kuhns, M.D., Assistant in Orthopedic Surgery, Haryard Medical School. 
Pp. 281; 99 illustrations. Philadelphia: J. B. Lippincott Company, 
1934. Price, 84.00. 

Cold Spring Harbor Symposia on Quantitative Biology, Volume 2. Pp. 284; 
illustrated. Cold Spring Harbor, L. I., N. Y.: The Biological Labora- 
tory, 1934. Price, 83.35. 

Researches in Cancer: Part One (1896-1921; 1922-1932), By Caleb 
Wyand Geeting Rohrer, B.Sc., Shenandoah College, Va.; M.D., 
College of Physicians and Surgeons of Baltimore, Aid.; AI.A. and Ph.D., 
Illinois Wesleyan University, 111. Pp. 144; 22 illustrations. Baltimore: 
The Brentwood Printing Company, 1934. Price, 85.00. (Review, p. 287.) 
Die Neurologic des 1.-7. Jahrhunderts N. Chr. Bine historisch-neurologische 
Studie. By Dr. Walter Creutz, Oberarzt an der Prov.-Halund 
Pflegeanstalt, Diisseldorf-Grafenberg, und der Psychiatrischen IGinik 
der Medizinischen Akademie, Diisseldorf. (Band VI of Sammlung 
Psychiatrischer und Neurologischer Einzeldarstellungen.) Herausge- 
geben von Prof. Dr A. Bostroem, Komesberg i. Pr., und Prof. Dr. J. 
Lange, Breslau. Pp. 106. Leipzig: Georg Tliieme, 1934. Price, 
AI. 7.80. 

NEW EDITIONS. 

Surgical Applied Anatomy. By Sm Frederick Treves, Bart. Pp. 720; 
174 illustrations, including 66 in color. Ninth edition revised by C c' 
CnoYCE, C.AI.G., C.B.E., B.Sc. (N.Z.), M.D. (Edin.), F.R.C.S. (Eng.), 
Professor of SurgcrJ^ University of London; Director of the Surgical 
Unit, University College Hospital Aledical School, etc. Philadelphia: 
Lea & Febiger, 1934. Price, 84.00. 

This ninth edition continues as one of the most useful compendiums on an 
essential subject, the text having been brought up to date by Professor Choyce. 
The surgical anatomy is discussed according to the various regions of the body: 
diagrammatic and schematic drawings illustrating the essential facts. L. F. 
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ACUTE APPENDICITIS. 

For the last decade there has been a renewed interest in the subject 
of acute appendicitis and during tlie past year a number of very inter- 
esting papers have appeared on this subject. It is realized that both 
the incidence and mortality are increasing and that there is a vdde dis- 
parity in tire results of treatment in certain large medical centers and 
in the country as a whole. 

From the time tliat Mestivier* of France, in 1759, demonstrated bj' au- 
topsy" the first recorded case of disease of the appendix to within 25 
years of the appearance of Reginald Fitz’s^ paper in 18S6, there was 
a total of 141 cases of this disease recorded in medical literatirre. The 
Willard Parker® procedure, first advocated in 1867, consisted solely 
of incision and drainage for appendiceal abscess. ICellj^ states that 
“ To Thomas G. Morton of Philadelphia belongs the credit for the first 
successful operation for the removal of the appendix, deliberately under- 
taken.” The date ivas April 27, 1887. 

John B. Deaver® has very clearly outlined the early history of this 
subject in this country. He referred to the differences of opinion which 
c.xisted in regard to the treatment of appendicitis as follows: “Not 
only was the controversy as to the surgical or non-surgical treatment of 
appendicitis the occasion for unpleasant personalities, that were as 
galling as they were undignified and unjust, but it was tlie cause of 
bitter enmities that often persisted during a whole lifetime. From the 
beginning of my recognition of the importance of the potential mischief 
resident in the appendix, I was one of the ardent advocates for its 
removal'in acute cases of inflammatory disease of the organ, and later 
on also for its routine removal in many diseases of other abdominal 
idscera. Arrayed with me on tlie affirmative side of the question were 
men like Morton, Pepper, Osier, the two Prices of this city, Maurice 
Richardson, John iMurphy, and others who have passed on to tlieir 
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reward; and still others, ''McBnrney, Keen, the Mayos, Ochsner, and 
many more who are happily still keeping alive the good name of surgery 
in America, and whom I deem it a privilege to count among my friends. 

“Prominent among contemporary opponents to early operative 
treatment of appendicitis was Nicholas Senn, who on one occasion 
at a meeting of the American Medical Association did me the honor of 
declaring in public that a surgeon holding the views I was advocating 
was so questionable an ornament to the profession that he ought to be 
deprived of his privileges and of his diploma. My answer to his insinua- 
tion I am afraid, was about as flattering to my denouncer as was his 
accusation to me. A few days after Dr. Senn’s arrival home he wrote 
me : ‘ \^^lile we fight like bulls within the arena, behind the scenes we 
are peaceful lambs; I am very anxious to have you address tlie Senn 
Festsschrift Medical Society.’ This is by no means an extreme nor an 
isolated example of the bitterness that marked the stormy controversy 
at its height. But the atmosphere has been cleared since those days, 
and the primary question no longer is whether to operate but rather 
when and perhaps how to operate.” 

In 1914 the late John B. Murphy® stated that the mortality from 
appendicitis was far too high and one year later Haggard’ of Nashville 
agreed with him when he stated that “hospital reports for the past 
year show tliat the average mortality in appendicitis in all stages of the 
disease in tliose reported hospitals is about 20 per cent.” A decade 
later A. Murat Willis,® from a study of vital statistics, called our atten- 
tion to the increase in the mortality after operations for appendicitis since 
the Word War. He called attention to a rise in the appendicitis death 
rate from 11 per 100,000 deatlis in 1900 to 14.4 per 100,000 in 1921 and 
concluded: “Destructive criticism is of small value unless it prepares 
the way for subsequent improvement. The presentation of facts which 
has just been made indicates that something is radically wrong with 
the modern surgical treatment of certain important conditions. Can 
this be remedied? It would seem that the first step would be tlie 
appointment by tlie American College of Surgeons of a commission, 
composed of tlie leading surgical teachers of this country; the function 
of this commission being to direct a thorough investigation of the w'hole 
question, with a view to effecting some degree of standardization of the 
metliods of treatment of these diseases, regarding which, at present, 
there seems to be such a complete lack of agreement.” 

In tlus paper were also reported statistical data from several clinics 
as follows: 

Death rate 


Ochsner, Professor of Surgery, University of Illinois, reported in 

Clin. Surg., 1912, from 1901-1905 4.1 

Personal Communication, September, 1924 2.0 

Doavcr, Professor of Surgery, University of Pennsylvania, reported 
in Ann. Surg., June, 19^, 

Using method of Catch, 1901-1905 10.5 

Using the Ochsner method, 1910-1919 3^9 

Catch, Professor of Surgery, Indiana University, reported in Ann. 

Surg., 1924, June, rate for 1924 S.7” 


In 19- r tlie late Ashley P. C. Ashhurst® reported on 247 patients on 
whom he personally had operated and in whom drainage was necessary 
The raortidity was 13.7%, 
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Tavo years later John O. BoAver began the first of a series of surveys 
of the mortality from operations for acute appendicitis in 28 of tlie 
larger hospitals of Philadelplna. These surA^eys haA-e been continued 
eA'ery year since then. During this period there has been an intensive 
educational campaign on the subject of appendicitis and its complica- 
tions, in AAdiich the Philadelphia Association of Retail Druggists has 
cooperated. The folIoAA-ing table gives the data compiled by BoA\-eP'’ 
OA^er a 6-year period : 


Acute AppE>a>iciTis, Philadelphia Hospitals (Boaveh). 



Number 

Number 

Per cent 

Year. 

of cases. 

of deaths. 

mortality. 

192S-1929 

5121 

300 

5.97 

1930 

3095 

149 

4.81 

1931 

3142 

138 

4.39 

1932 

3546 

122 

3.44 

1933 

37S3 

134 

3.54 


BoAA’er^® giA'es the causes for tlie increasing mortality as (1) delayed 
hospitalization, (2) less competent management of spreading peritonitis, 
(3) increase in the administration of laxatives. 

The results of tlie Philadelphia campaign BoAver giA'es as folloAvs: 
“The family physician has benefited by the campaign. Unfortunately, 
the percentage of physicians Avho folloAv their patients to the operating 
room is too small. Early pathologic changes, Avhich can be correlated 
AAnth symptoms and signs, can be seen in no other Avay. 

“The internes have profited. This is shoAvn by the improvement in 
clinical records— better histories are usually accompanied by more 
careful physical examinations. 

"The anesthetists play a part in the making of a clinical record 
which has an indirect bearing on the average case, although thej^ haA'e 
not been affected directly by the campaign. 

"The pathologist, hoAvever, has been affected. PcAver cases of peri- 
tonitis — fewer deatlis from peritonitis. 

“The nurses haA-e benefited and they haA-e been excellent propagan- 
dists in tlie spreading of information relatiA-e to earlier hospitalization 
and the dangers of administration of laxatiA-es. 

“The surgeons haA-e profited; patients haA-e been admitted earliei — 
the number of cases of Spreading Peritonitis admitted haA-e been fcAver. 
The following table sIioaa-s this improvement over a period of 5 years.” 


Results of Appen-dicitis Campaign, Philadelphia 192S to 193.3. 

1928 , %. 1933 , %, 

Reduction in Mortality from 5.97 to .3.51 41.0% decrease 

Increase in Clean Cases from 57.04 to 73.75 29.5% increase 

Decrease in Mortality of 

Spreading Peritonitis from 33.95 to 24.01 27.Gl%dccrea.se 

Although all Avriters are not in complete agreement AA-itli the use of 
A-ital statistics as a method of collecting data on the deatli rate from 
appendicitis, even Walker’^ aa-1io takes exception to some of Willis''" 
statements agrees tliat the mortality is still too high since he states; 
“We do not Avish to avoid the issue that more inilividuals have died 
as a result of the endcaA-or to cure appendicitis during recent j-cars 
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than previously.” It is generally agreed that two important _ factors 
contributing to the present high death rate are delay in operation and 

catliarsis. _ • i i 

Acute appendicitis is a surgical disease. There remain tJien onlj'^ 
tliree factors which may delay operations : (1) failure of the patient to 
consult his physician; (2) failure of the physician to diagnose the lesion, 
and (3) procrastination by tlie physician once the lesion has been diag- 
nosed. Willis''^ has very aptly stated that “provided a good hospital 
and a capable surgeon are available and a diagnosis of acute appendicitis 
has been made, prompt operation is the treatment.” 

The diagnosis of acute appendicitis is not always a simple matter. 
Too often the physician waits until a textbook picture is present before 
consulting the surgeon, a time at which perforation may have already 
occurred. The symptoms will, continue to vary as long as the virulence 
of the infection varies and as long as the quantitative reaction to infec- 
tion varies in different individuals. Many more patients have been 
lost as the result of a delay in operating than have been lost from an 
occasional error in the diagnosis. The surgeon is seldom responsible 
for tills delay. 

It may be said that the increase in mortality is associated with an 
increase in the number of operations for appendicitis. That there has 
been an increased incidence is without question, for Walker^^ found a 
rise of 277% in certain districts of New England for the 4-year period 
1927 to 1930 over the period of 1907 to 1910. It would appear, there- 
fore, that the disease is being diagnosed with increasing frequency, at 
least in some sections. If this is true the increase in the mortality rate 
must be associated with an increase in the number of operations being 
done by inexperienced and poorly qualified surgeons. 

Bower'® recently suggested “That the surgical service in our hospitals 
as it pertains to acute appendicitis be modified to the extent that the 
junior members of the surgical group manage the clean cases but that 
a consultation be held Avith the cliief of service regarding the manage- 
ment of the perforative'or suspected perforated case. Neither a watch- 
ful-waiting nor a di-astic policy is advocated, but a request that the 12 
or 15% of patients admitted to our hospitals Avitli Spreading Peritonitis, 
who have only one chance in four of living, be given tlie benefit of all 
tliat tlie service affords in tlie matter of surgical judgment and experi- 
ence. Wisdom in surgery usually increases vdth experience, but not 
always. The clinical records reviewed showed that a man may spend 
decades managing Spreading Peritonitis and still have a mortality of 
65%. The associate of the surgical service should concentrate on the 
pre-operative diagnosis of Spreading Peritonitis; liis chief should con- 
centrate on management and be Aidlling to pass along to his associate.s 
the knowledge he has gained in the managing.” The suggestion which 
Bmver made is a good one and if followed closely could not but result 
in a lower operative mortality. 

The mortality of simple acute appendicitis is negligible. As Ash- 
hurst® and Sliipley and Bailey'® have said, most deaths occur in tlie 
delayed group. ^ Sworn and Pitzgibbon'"' have recently reported the 
data on 2126 patients witli acute appendicitis operated on in St. Thomas’ 
Hospital, London, from 1920 to 1929. There were 231 cases of diffuse 
peritonitis from appendicitis of 1, 2, 3, or 4 days’ duration Mtli a mor- 
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talitj- of approximately 19%. Of 4S7 cases of abscess tbe mortality 
■was less tlian 4%, and in 1340 cases -widiont peritonitis tlie mortality 
■was only 1.71%. These data eonld be repeated by re\-ie-tt-ing the sta- 
tistics found in any surgical clinic, since there is no disttgreemcnt Avitli 
the statement that delay in hospitalization results in an increase in- the 
number of patients admitted in the various stages of peritonitis. 

That the mortality -with or -without peritomtis can be reduced if 
careful attention is given to the various details of pre-operative treat- 
ment, the judicious selection of anesthesia, the careful planning of the 
operation and exacting postoperative care is without question. 

hlany years ago Clark^® discussed the results obtained in peritonitis 
after the use of large doses of morphin. Later Odisner^® suggested 
that in the late cases of peritonitis from appendicitis, operation be de- 
laj'ed tmtil the peritonitis -was localized. In the interim he suggested 
fluid by rectal drip, the maintenance of the Fowler position and morphin. 

It is agreed that in the early cases early operation is indicated. In 
the late cases, however, there appears to be no such unanimity of opin- 
ion. Taiti" believed that piu-gation rather than rest with morphin was 
indicated in peritonitis. Stockton*^ found the use of morphin helpful, 
while Bovee'® in an article published in tire same issue of the same 
journal took the opposite point of Anew. For years John B. Denver 
subscribed to and •s\-as one of the most ardent advocates of the Alonzo 
Clark-Ochsner method of treatment in spreading peritonitis. 

The matter has not as yet been finally settled. Even among those 
surgeons who believe that the delayed method of treatment in spreading 
peritonitis results in a lower mortalitj' there is no agreement as to tlie 
time limit for the immediate and the delayed operation. Thus, Arnheim 
and Neuhof-® operate immediately on all patients haA-ing a 24-hour 
history, while after this time thej* frequently delay operation. And 
yet rupture -witli a rapidly spreading peritonitis may occiu 2 hours 
after the onset of sjTnptoms.-^ In a discussion before the Royal Society 
of London, Ryle" favored deferring operation in some of the late cases 
and immediate operation in others. Rajmer^^ delayed operation only 
long enough to improve the patient’s condition, while AIorley-Fletcher®* 
quoted Sir James Berry as saj-ing that "he deprecated the present prac- 
tice of operating immediately in all cases of appendicitis. He believed 
that in acute appendicitis in diildren immediate operation -was indicated. 
We believe this point of A-iew is well taken, since in children localization 
does not take place so readily, and it is more difficult 'mth them to 
■^Aithhold fluids by mouth for long periods as is often necessary when 
the delayed treatment is used. CoUey-DaA-ies®* on the other hand Avas 
opposed to a delay in tiie operation AS'hen peritomtis was present AA-hicli 
he stated would “put the profession bade 20 years in the period of 
generalized peritonitis, pylephlebitis and subphrenic abscess.” Cope®^ 
believed that delay Avas often adAisable in patients -with spreading 
peritonitis. 

Little would be gained by further reA-icAAing tlie opinions of A-arious 
writers. The rcA-iewers believe in the delayed treatment in tlie presence 
of generalized peritonitis; except in diildren as above indicated. In 
such cases tlie administration of adequate doses of morphin prcA'ents 
overdistention of the small boAA'd. It assists in maintaining tlie tonus 
of the bowel and by controlling distention prcA-ents disturbances in tlie 
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circulation of the intestine. The work of Plant and Miller- and of 
Orr"® well illustrate these facts. The use of suction (kainage, as described 
by Wangensteen/® of the Fowler position and the intravenous admiius- 
tration of sodium chlorid and glucose all aid in permitting the operation 
to be delayed until such time as localization has occurred. 

Anesthesia.— Several years ago Foss®" stated that the mortality after 
operations for acute appendicitis was reduced 50% since the routine 
use of spinal anesthesia. Arnlieim and Neuhof®® advocate the use of 
avertin and nitrous oxid and oxygen. They believe that the shock 
which may result from spinal anesthesia lowers general resistance to 
infection and thus invites the spread of the infection.^ There appears 
to be no basis for the foregoing statement and the reviewers are not in 
agreement with it. 

RajTier®® favored spinal or nitrous oxid and oxygen rather than ether 
or chloroform anesthesia. Morley-Fletcher®^ believed spinal anesthesia 
was superior to general anesthesia. The relaxation afforded by spinal 
anesthesia permits of operation with a minimum of trauma. The exten- 
sive use of gauze packs is not required. Postoperative pulmonary 
complications are not so frequent and the anesthetic is without effect 
on the liver parenchyma. In the early cases it should make little differ- 
ence which anesthetic is used; but in the patients with a diffusing peri- 
tonitis, spinal anestliesia would seem to be the anesthetic of choice. 

Incision.— It is our opinion that the incision suggested many years 
ago by McBurney is still the best one to use in cases of acute appendi- 
citis. Arnheim and NeuhoF® state tliat tlie majority of their patients 
have been operated on tlnough a rectus splitting incision. The argu- 
ment used in favor of the rectus incision is that it provides Mder expo- 
sure; that the use of a routine incision is illogical; that it may make 
access to the appendix more difficult, and may lead to spread of the 
infection. These objections we believe to be largely imaginary, since 
the McBurney incision in the majority of instances pro^^des the most 
direct access to the appendix, it can be lengthened in any direction 
and of all the incisions it is least likely to result in a spreading of the 
infection. The right rectus incision on the other hand provides direct 
access to the small bowel and thus favors the spread of the infection 
by carrying an infected focus across small bowel which may as yet be 
uncontaminated. 

Colt and Morrison®^ reported tliat the mortality in their cases from 
1923 to 1929 was 0.69% when the Battle incision was used and 6.05% 
when the paracentral incision was used. They attributed the higher 
mortality associated with the paracentral incision to the fact that there 
was greater possibility of spreading the infection when it was used. 

Reid®® has expressed an opinion in regard to the McBurney incision 
with which the reidewers are in complete agreement: “The author and 
the members of our surgical department have long ceased to have a 
feeling of embarrassment after making a McBurney incision for a 
mistaken diagnosis of acute appendicitis. With no appreciable reduc- 
tion in the elapsed interval betiveen the onset of symptoms and opera- 
tion or in the use of purgatives prior to surgical treatment the death 
rate for all forms of acute appendicitis treated in tlie Cincinnati General 
Hospital has been reduced by 50.3% since the routine of a rectus incision 
was abruptly and completely changed to that of a McBurney incision.” 
A renew of statistical data reveals the important fact that tlie mortality 
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from acute appendicitis is lowest in tliose cities in wliicli tlie IMcBurney 
incision is most widely used. 

Technique. In 1901 it was suggested by INIorris that in appendiceal ■ 
suppiu-ation tlie appendix be removed and as much of the pus be aspi- 
rated as possible, after which tlie abdomen be closed without drainage, 
Buchanan in 1910 and again in 1923®^ has reported favorable results 
after the use of tins metliod. The procedure has gained more or less 
favor because of tlie incidence of intestinal obstruction following 
drainage of tlie peritoneum and the knowledge that tlie general 
peritoneal canty cannot be drained. 

Shiplej'’ and Bailey’^ in a discussion of the treatment of acute appen- 
dicitis witli peritonitis state tliat “drainage material, especially in tlie 
lower abdomen, often causes widespread adhesions between loops 
of intestines, mesentery, omentum, peine organs and abdominal wall. 
The drains are soon sealed off and do not drain anj" considerable portion 
of the peritoneum.” These autliors advocate in early peritonitis, 
removal of the appendix, aspiration of free fluid and e.xiidate and then 
irrigation of the contaminated area ndtli warm normal salt solution 
whicli is then aspirated. After tliis the peritoneum is closed witliout 
drainage. In the discussion of Shipley and Bailey’s paper Eugene PooF 
stated that, “all accept the fact tliat the wound should be closed witli- 
out drainage if it is reasonable, but a certain number of cases must be 
drained. Dr. Shipley makes a great mistake in irrigating witlun tlie 
peritoneal caidty. Blake advocated irrigation many years ago but 
he has since admitted the fact that it is a mistake.” 

We do not beliei^e that irrigation is of an.y I'aiue. "When practised 
through the median incision as suggested b}' Torek^*^ considerable trauma 
to the serous surfaces of tlie bowel must result. It should be remembered 
that to a degree fibrinous exudate is protective and that when it is 
removed there remain behind large areas of denuded gut. Drainage 
should be practised only when a considerable amount of necrotic 
material is left behind. Wien drains are used tliese should be soft and 
should be placed along the lateral abdominal or pehde wall. 

In tlie postoperatii'e period the use of a suction drainage in the pres- 
ence of peritonitis is a distinct advance in treatment. It has been our 
experience that since this procedure was instituted postoperative jejun- 
ostomy or ileostomy for adhesive obstruction is only rarely indicated. 

We have occasionally done an appendicostomy at the time of removal 
of the appendix in the very sick patient. The metliod was suggested 
to us by Wilson of Emporia, Kansas. Recently Joncs^^ has reported 
the iise of this procedure in late cases with the most gratifjang results. 
Without doubt it could be used more frequently tlian it now is. 

It is necessary tliat tlie surgeon and his staff be ever alert to the com- 
plications which may occur during convalescence. Arnheim and 
NeuhoE® have rightly stated tliat when tlie patient fails to do well 
after operation, the surgeon should first look to tlie abdomen for the 
cause of tlie trouble rather than to tlie chest and more distant areas. 

The final solution of the high mortality in acute appendicitis must 
depend on earlier operation. To attain tliis tliere should be an inten- 
sive national education campaign among the laity and a closer coopera- 
tion between tlie general practitioner and the surgeon. 

I. S. Ravdin and 
C. G. .Johnston, 
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RETINITIS PIGMENTOSA. 

IlETiNms pigmentosa has generally been considered to be a liereditary 
antllannlial disease, usually progressive and essentially incurable. Its 
etiology has not been definitely established. Its outstanding subjective 
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symptom is night blindness, ivith loss of central vision a secondary and 
subsequent feature. Its most prominent objective symptoms are 
narrovdng of the retinal arteries and deposits of pigment in tlie retina. 
In most cases it is an isolated lesion. Wiether all forms of pigmentary 
degeneration of the retina of progressive character and unknown etiology 
should be classified as variants of the typical retinitis pigmentosa is 
difficult to say. The association, at times, of apparently typical retinitis 
pigmentosa mth nerve deafness, epilepsy, and mental deficiency has 
long been known. In more recent years the recognition of the Laurence- 
Biedl syndrome, the finding of pigmentary degeneration of tlie retina 
in certain disturbances of hepatic function, the demonstration of hemer- 
alopia as a definite symptom of avitaminosis, and tire study of the vaso- 
dilating effects of sympathectomy have led to renewed interest in 
attempts to arrest the progress of tjqjical, isolated retinitis pigmentosa 
by treatment with various hormones, with diets high in vitamins, 
with vasodilating drugs, and vdth ce^^^cal and cer\acothoracic sympath- 
ectomy. 

Verhoeff’s^ histologic examination of an eye, which was removed 
during life and which had been blind w'itli retinitis pigmentosa for more 
than 20 years, confirmed Leber’s- opinion that the essential ocular 
lesion in retinitis pigmentosa is progressive degeneration of tlie neuro- 
epithelium, the rods being affected first. The changes affecting the 
pigmented epithelium probably result from degeneration of tlie neuro- 
epithelium. The choriocapillaris was normal and Verhoeff was of the 
opinion that obliteration of the choriocapillaris or choroidal circulation 
can be dismissed as a possible cause of retinitis pigmentosa. In his case 
there was no definite degeneration of the ganglion cells or atrophy of the 
optic nerve. The reduction in caliber of tlie retinal vessels, wdiicli is 
apparent ophthalmoscopically, is seemingly produced by tliickening 
of the connective tissue of the adventitia, w’itliout any obvious micro- 
scopic reduction in tlie lumen. As a result of their e.xperiments with 
the injection of granules of melanin into tlie vitreous of rabbits, Frieden- 
w'ald and Clian^ concluded that all tlie histologic changes in the retina 
in retinitis pigmentosa can be accounted for on tlie hypothesis of a 
primary lesion of tiie retinal neuroepithelium, wdth secondary, long 
continued infiltration of the retina with melanin granules. 

Verhoeff called attention to the possibility that retinitis pigmentosa is 
the result of distm'bance of hepatic function. In certain diseases of the 
liver, notably hypertrophic cirrhosis, night blindness occurs wdiicli 
possibly is tlie result of an excess of bile salts in the blood that may 
affect the idsual pm-ple and the rods in wdiich it is supposed to reside. 
Verhoeff cited tlie experimental work of Sugita wffiich indicated that 
tlie pigmented epitlielium and neuroepithelium of tlie retina can be 
injured by certain constituents of the bile acting tlirough tlie blood. 
He also quoted the investigations of Takaliashi, who found the hepatic 
function abnormal in 12 cases of retinitis pigmentosa. Boenheim,"* 
hloreau,® and Satanowsk^'® also called attention to the disturbance of 
hepatic function in certain cases of retinitis pigmentosa. 

Collins^ was of tlie opinion that retinitis pigmentosa was an abiot- 
rophy of tlie retinal neuroepithelium, since tlie rods and cones belong , 
to the class of cells which in adult life lose their pow'er of proliferation 
and ma^', in certain cases, die early in life. Verhoeff thought that this 
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theory explains tlie facts well but offers no hope for methods of control- 
ling the disease. A study of cases of the Laurence-Biedl syndrome throws 
a somewhat different light on the possible nature of this abiotrophy. 

The association of adiposogenital dystrophy, mental deficiency, 
retinitis pigmentosa, and polydactylism has been recorded in the litera- 
ture in from 40 to 50 cases. The recent cases have been grouped under 
the title Laurence-Biedl syndrome. The cause of this syndrome was 
originally supposed to be a disturbance of the pituitary gland. Later, 
Biedl® suggested that the essential factor in the production of the syn- 
drome was the presence of an unusually high or massive dorsum sellre 
which prevented the passage of pituitary secretion through the stalk to 
the floor of the third ventricle, as a result of which certain metabolic 
and genitotropic centers were affected. Ornsteen® advanced the hypoth- 
esis that this syndrome is dependent on a developmental defect of the 
ectopic zone of the prosencephalon, since, embryologically, the hypo- 
thalamus and optic chiasm take origin from the ventral segment and 
the end brain from the cephalic segment of this zone. This defect results 
in an abiotrophic condition of the infundibulum, the optic nerves, and 
the retina, since, according to Tilney and Riley some efferent fibers 
in the optic chiasm govern chemical changes in the retina and also 
movements in the retinal pigment cells. Weiss^^ is inclined to agree 
mth Omsteen’s hypothesis and reports that treatment of such patients 
with glandular extracts, chiefly thyroid and pituitary, results in im- 
provement of some cases. Zondek^^ called attention to the fact that a 
hormone from the pars intermedia of the hypophysis has been shown to 
affect the melanophores of frogs and also tlie pigment cells of fishes. 
He reported 4 patients vdth retinitis pigmentosa who gave evidence of 
pituitary obesity or cachexia and psychic depression. Treatment vdth 
prolan was tried, but without much success. Belskij and Jalin’® reported 
7 cases of retinitis pigmentosa with changes in the sella turcica, deposits 
of calcium in the bones of the hands and feet, and increased blood cal- 
cium apparently resulting from parathyroid disturbance. They stated 
that calcium iontophoresis was of benefit in these cases. 

It has been demonstrated by a number of observers that night blind- 
ness is a ratlier constant symptom among patients and experimental 
animals who are deprived of vitamin A. The normal retina has been 
showm to store a large amount of vitamin A, and apparently the regener- 
ation of the visual purple is dependent on the presence of this vitamin 
in the retina. The apparent increased sensitivity to light of the pigment 
cells of the skin and retina, demonstrated by Venzella^^ in cases of 
retinitis pigmentosa, may indicate a lowered capacity for the regenera- 
tion of the visual purple. Night blindness has been shown to occur 
among pregnant women wdiose diet is low' in vitamin A. Henderson*® 
reported a case of retinitis pigmentosa and retinitis punctata albescens 
in which the condition progressed markedly during pregnancy.'® I 
reported a case of retinitis pigmentosa in which the field defects pro- 
gressed definitely during tlie last month of pregnancy and returned to 
their previous status after the termination of pregnancy. These 
findings have suggested that tlie addition of large amounts of vitamin 
A to tlie diet might have a favorable influence on the course of retinitis 
pigmentosa. _ Levine’^ reported, however, that he had no success in a 
senes of patients treated w'ith large doses of cod liver oil over a con- 
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siderablc period of time. Wilder'® has suggested that in these cases 
there may lie a defect in the capacity of the retina for storage of vitamin 
A, and tliat the use of a ketogenic diet might increase this storage 
capacity. One patient has been treated along tJiese lines at The IMayo 
Clinic ■witli apparent good results, and tliis method of treatment seems 
•\vortlty of furtlier trial. Satanowsky notes tliat the rods, and probably 
the cones, function tlirougli means of tlie visual purple, that tlie A-isual 
purple is soluble in bile acids and their salts, and tliat lack of vitamin A 
interferes v-ith its regeneration. She reported 3 cases of retinitis pig- 
mentosa in which there was disturbed hepatic function and stated that 
liver therapy is of benefit in tliese cases. Kestenbauni'® treated a patient 
with ovosan to produce hj-peremia of tlie retina, and witli liver to 
increase retinal metabolism; he obtained favorable results. 

In spite of the opinion of most histologists that interference natli tlie 
retinal or choroidal circulation is not a primary factor in the patho- 
genesis of retinitis pigmentosa, it seems to be true tliat tlie most favor- 
able results in the ti-eatment of tliis disease have been obtained tlirough 
the use of methods for tlie production of vasodilatation in the retina 
and choroid. Histologically, Asjier-® found tliickening of the connective 
tissue of the choroid in the macular region, narrowing of the vessels 
with changes in tlieir walls, marked changes in the pigmented epithelium, 
complete destruction of the neiiroepitheliura, collections of pigment 
in the walls and lumens of the retinal vessels, atrophy of the optic nerve, 
and tliickening of the walls, with narrowing or occlusion of the lumens, 
of tlie vessels in tlie nerve head. He was of the opinion tliat tliesc 
changes fit in better with the theory of primary injury to the capillaries 
of tlie choroid and retina than nntli the tlieory of abiotrophy of tlie 
neuroepithelium, or witli that of a primary degeneration of the pig- 
mented epitlielium. IMariotti and Lugli-' reported improvement in 
retinitis pigmentosa folloning retrobular injections of atropin, with 
resultant dilatation of vessels. Corrado-- obtained improvement 
tlirough the use of acetylcholiii. iMoreau was not successful in the 
treatment of 6 patients witli hereditary retinitis pigmentosa by vaso- 
dilating methods, but in 2 cases in which the condition was associated 
with disease of the liver, marked dilatation of the vessels, with improve- 
ment ill tlie field of idsion, was produced by injection of acetylcholiii 
into the vitreous. Wibaiit-® treated 31 patients with retinitis pigmen- 
tosa with menformon, which produces dilatation of the smaller arteries 
or capillaries. One patient showed marked improvement and 7 slight 
improvement. There was doubtful improvement in 13 cases and no 
improvement in 10. Von Heimbiirg,-' however, found no improvement 
in 5 cases after the use of menformon. 

Apparently the most efficient means of producing lasting dilatation of 
peripheral vessels is removal of sympathetic ganglions and section 
of tlie sympatlietic trunks. It is generally accepted tliat the vessels 
of the retina are under the control of tlie cervical sympatlietic nerves, 
and T® have demonstrated that dilatation of the arteries in normal 
retinas occurs in a high percentage of cases following cendcotlioracic 
sympathetic ganglionectoniy. Following the lead of Royle,^® a number 
of operations on tlie ceriical and thoracic sympatlietic nerves have been 
performed in cases of retinitis pigmentosa. The results, in die main, 
have apparently been favorable. Royle reported 4 cases in which patients 
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were improved foliowing division of the sympathetic trunk about the 
level of the second thoracic ganglion. In MeighanV^ case tlie superior 
and middle cervical ganglions were remo^•ed along A\dth the intervening 
trunk. In this case, as in Hoyle’s cases, improvement in fields and \dsion 
was noted in both eyes though the operation was performed on only 
one side. This fact makes interpretation of the results rather difficult. 
Several patients have been operated on at the clinic, and the changes 
in the fields were far advanced. Subjective improvement was noted, 
but an objective widening of the peripheral fields could not be demon- 
strated. It would seem that the results obtained by various operators 
would justify a further trial of cervical or cervicothoracic sympathec- 
tomy, especially in the early stages of retinitis pigmentosa. 

H. P. Wagenee. 
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Sulphur Metabolism. A Study of a Case of Cystinuria. — Jaiie.s C. 
Andrews and A^xander Randall (Departments of Physiological 
wlieimstry and Urology, University of Pennsylvania). A study has 
been made pf the metabolism of sulphur compounds in a male cystinuric 
(age 14) using, as a control, a normal subject of the same age and sex. 
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The C 3 "stin output of the C 3 "stinuric is remarkably constant, and averages 
0.09 to 0.10 gm. of cystin sulplnu- per da^^ This output is unaffected 
the dailj"^ feeding of sodium bicarbonate or sodium citrate in amounts 
sufficient to keep the urinary pH between pH 7.0 and 7.5 altliough this 
alkalinity suffices to keep the c^'stin dissolved and to prevent calculus 
formation. 

Daily administration of equimolar proportions of glycin and glu- 
tamic acid is mthout effect on tlie cystin output. 

The use of a diet high in eggs (containing larger amounts of sulphur) 
does not raise the cystin output. 

As has often been observed wdth other cystinurics, the present subject 
oxidizes cystin administered by mouth to sulphate and does not show 
any increase in urinary cystin output. In confirmation of tlie work of 
duVigneaud on tlie normal metabolic oxidation of the isomers of cystin, 
we find that the levo isomer is somewhat more rapidly and completelj'^ 
oxidized than the racemic mixture. 

dl-Methionin is oxidized to sulphate to the extent of 60 to 80%; tlie 
remainder is excreted as unoxidized sulphur. In contradiction to tlie 
results reported by Brand and coworkers, we do not find that the admin- 
istration of methionin to the cj^stinuric increases the cj^stin output. 
Direct determinations of methionin in the urine indicate that only a 
small proportion of the methionin which escapes oxidation to sulphate 
can be excreted as such. The remainder is excreted in some unknown 
form in which tlie sulphur is not oxidized to sulphate. The rate of 
oxidation and elimination of methionin sulphur bj’’ the cystinuric indi- 
vidual is much slower and more erratic than by tlie normal subject. 

Cysteic acid, when fed to the cystinuric as well as to tlie normal 
subject, is excreted unoxidized. 

The increase in the cj^stein content of cystinuric urines on standing, 
when the cystin content is determined by the Sullivan procedure, has 
been noted by Brand and coworkers and has been ascribed by them 
to the excretion of part of the cystin in the form of an easily decomposed 
cj'stin complex. Witliout necessarily subscribing to this e-xplanation, 
we confirm tlie results reported bj' Brand. We have observed tliat the 
ci'stin content of a freshl^"^ voided sample can increase, even on stand- 
ing 24 hours at 0° C. and when preserved noth chloroform, to from 
25 to 50% over its original value. This higher value is maintained for 
at least several montlis. 


Liebermann-Burchard Reaction Velocities of Sterols : I. Differences 
Between Free and Ester Cholesterol Applied to the Determination of 
Cholesterol Esters. H. A Test for the Presence of Coprostenol in 
Plasma.— John G. Reinhold (Laboratory of Philadelphia General 
Hospital). Cholesterol esters and coprostenol (allocholesterol) develop 
color more rapidly than cliolesterol when treated with acetic anhydrid 
and sulphuric acid. The difference in reactivity of free and esterified 
cholesterol is increased by low temperatures and low concentrations of 
sulphuric acid. Higher temperatures and larger amounts of sulphuric 
acid cause such differences to become smaller and eventuallj' to dis- 
appear. Based on tliese observations, a simple method has been devised 
for determination of cliolesterol esters and total cholesterol in scrum 
or plasma. The Liebermann-Burchard reaction, carried out at 0° C. 
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in the presence of 0.025 cc. sulphuric acid, is utilized for cholesterol 
ester determinations. These substances develop appreciable color 
intensities under such conditions, while free cholesterol produces very- 
little color. Cholesterol oleate or palmitate solutions serve as stand- 
ards for colorimetry. A correction is applied for color formed by free 

cholesterol. o f 

Total cholesterol is found by warming the solutions to 38 _C. for 
30 to 40 minutes. Free and esterified cholesterol now yield equivalent 
concentrations of color, proportional to the total cholesterol contained 
in each solution. 

Known mixtures of cholesteryl oleate and cholesterol have been 
analyzed correctly by this procedure. Cholesteryl oleate added to 
alcohol-ether extracts of serum can be recovered with fair success. 
Cholesterol ester determinations by the new method agree with results 
of gravimetric digitonin estimations. Total cholesterol figures are 
slightly high, particularly in jaundice. 

Coprostenol (allocholesterol) if present, would be determined as 
cholesterol ester. The close agreement between colorimetric ester 
analysis and gravimetric determinations indicate that this substance 
does not exist in plasma. Hower'er, loss of coprostenol has not been 
entirely excluded. 


The Secretion of Dyestuffs by the Kidney.— E. Hobee (Marine Bio- 
logical Laboratory, Wood’s Hole and Laboratory of Physiology, Uni- 
versity of Pennsylvania). The tubqles of tire aglomerular kidney of the 
toadfish are permeable to a number of diffusible acid dyestuffs. After 
intramuscular injection some of them (Orange R, Azofuchsin S, Bril- 
lantorange R, Tropaeolin 0002, Echtrot A, Ponceaurot and Indigo- 
carmin) are concentrated in the lumina to such a degree that they 
appear ,as deeply colored tlrreads in strong contrast to flie colorless or 
faintly colored epithelial walls. The normal appearance of functional 
dyestuff concentration in the frog’s kidney does not differ from that in 
the kidney of tire toadfish. The usually observed picture after the 
injection of a dyestuff into the frog, significant by the accumulation 
of a ^eat number of brightly colored granules in the epithelium of the 
proximal convoluted tubules, is the result of abnormal conditions, the 
granules representing dead spaces in tlie epithelial body. As in the 
toadfish, the acid dyestuffs enter the cells of the proximal tubules in 
the frog from the side of the venous capillaries and not from the side 
of the lumina; this can be demonstrated by injection of Diaminreinblau 
or Benzoblau 3B, two dyestuff’s which cannot pass tlirough the glomer- 
uli, but are found to be stored in the cells of the proximal tubules. 


Note on Reflex Thresholds in the Cat During Spinal Shock.-^ 
G. P. jMcCoucn, W. J. SnxVPE, and W. B. Stewaet (Laboratory of 
Physiology, University of Pennsylvania). Divinyl ether, due to its 
rapid elimination, is a suitable anesthetic for transection designed for 
tlie study of the initial phase of spinal shock. 

'IJio transient depression following spinal transection under divinyl 
ether in tlie full grown cat involves tlie reflex tliresholds studied in the 
following order of severity; ipsilateral extension elicited from the exter- 
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nal aspect of the thigh, little or not at all; ipsilateral flexion, relatively 
little; crossed flexion, moderately; crossed extension, severely. 

Of these reflexes, tlie first three are present immediately after transec- 
tion. Crossed extension may appear at hny interval from 20 minutes 
to more than 24 hours. The lateness of its appearance is probably due 
partly to spinal shock, partly to inhibition from the crossed flexion 
reflex. Similarly, tlie ipsilateral flexion reflex, though relatively little 
affected by shock, does not extend its receptive field eft'ecti^■el 3 ' over 
that of the still less invoh’ed antagonistic reflex from the external aspect 
of the thigh for se^'eral da.ys after transection. 
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THE CLINICAL VALUE OF ALTERNATE SUCTION AND PRESSURE 
IN THE TREATMENT OP ADVANCED PERIPHERAL 
VASCULAR DISEASE. 

Ba' Eugene M. Landis, 

ASSISTANT 1*R0FES80R OF MEDICINE, UNIVERSITY OP PENNSYLVANIA, 

AND 

Lewis H. Hitzrot, 

INSTnOCTOR IN MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 

(From the Hobinetto Foundation, University of Pennsylvania Hospital,* and the 
Metabolic Division of the Philadelphia General Hospital. t) 


From the therapeutic standpoint patients with peripheral vascular 
disease can be divided into two groups: (a) Those whose symptoms 
are due to simple spasm with no, or very slight, organic vascular 
obstruction; and (b) those whose symptoms are due primarilj'- to 
advanced organic disease of the arteries. The symptoms of the 
first group can usually be alleviated by producing vasodilatation 
with drugs, diathermy, contrast baths, local heat in the form of 
the warm cradle, or finally with sympathetic ganglionectomy. The 
efficacy of these therapeutic procedures depends upon local dilata- 
tion of tile peripheral bloodvessels. 

In the later stages of peripheral vascular disease the walls of the 
arteries become thickened and more or less rigid. They have not only 
abnormally small iumina, but are also unable to dilate even when 
vasoconstrictor tone is abolished by nerve block or by sympathetic 
ganglionectomy. Under these conditions the therapeutic pro- 
cedures mentioned above are much less likely to increase blood flow, 
and they usually fail to improve the nutrition of the tissues (Adson 
and Brown;' Morton and Scott-). Eventually most patients with 
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advanced organic disease of the arteries suffer from trophic changes, 
ulceration and gangrene, leading finally to amputation. They often 
present a difficult therapeutic problem to both the clinician and 
the surgeon. 

Landis and Gibboiv'*''* found that the digital skin temperatures 
of the lower extremities of patients with advanced organic vascular 
occlusion could be elevated by applying alternate suction and 
pressure to the affected extremity. Preliminary studies indicated 
that to increase blood flow most efficiently it was advisable to have: 
(1) Relatively brief periods of suction; (2) brief periods of pressure; 
and (3) diminished vasoconstrictor tone. Landis^ observed that 
this procedure relieved to some extent the clinical manifestations 
of the ischemia w'hich accompanies organic vascular occlusion. 

This paper describes the results of treating a series of patients 
by means of alternate suction and pressure, with particular refer- 
ence to the limitations and the possible usefulness of this procedure 
in the therapy of peripheral vascular disease. 

A conservative general estimate of the clinical results so far 
bears out the encouraging experimental findings in that: (1) The 
rest pain of ischemia was relieved, at least temporarily; (2) inter- 
mittent claudication, when present, became less intense and did 
not appear so soon in the course of exercise; and (3) indolent ulcers 
or superficial gangrene often healed in a manner not observed with 
the usual modes of treatment. Changes in skin color could not 
be measured quantitatively, but various observers agreed that 
cyanosis often diminished and that skin color approached normal 
during the progress of treatment. 

I. Selection of Patients and Methods Used. Suction and pressure 
was applied to the extremities of 29 patients suffering from advanced 
peripheral vascular disease with pain and ulceration. These patients 
had shown little progress under the usual conservative treatments, 
including local warm applications, the warm cradle, antiseptics, 
vasodilator drugs, or even nerve section. An excessively long period 
of hospitalization or mutilating surgery seemed to be the only 
alternative. Those treated in the Philadelphia General Hospital 
were chief!}'’ diabetics from the metabolic wards, while most of the 
patients treated in the University of Pennsylvania Hospital suffered 
from arteriosclerosis, or thromboangiitis obliterans. 

The grade of organic occlusion Avas tested whenever possible by 
the method of Landis and Gibbon;® abnormal findings were checked 
when necessary by peripheral nerve block (Scott and hlorton^). 
In some instances the vasodilator resiionse Avas tested at interA'als 
during the use of suction and pressure therapy to study objectiA'C 
changes in the circulation of the extremity under obserA^ation. 

The aiiparatus used for treating patients in both hospitals Avas 
the same as that described by Landis and Gibbon' and Landis.' 
During treatment the patients sat or reclined in bed. The afiected 
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extremity was inserted into the aluminum chamber and lay in the 
horizontal plane upon a pillow in the bottom of the chamber. 
The extremity could be inspected through the glass top of the box 
to detect changes in skin color occurring during treatment. The 
thigh, protected when necessary by a layer of gauze bandage, was 
encircled at a point- 6 inches above the knee by a rubber cuff with 
two leaves, one sealing during pressure, the other sealing during 
suction. A layer of adhesive tape w'as applied to each cuff to keep 
the rubber in close contact with the skin. 

Since the effect of suction and pressure on skin temperature had 
already been studied in patients with peripheral vascular disease 
(Landis^), no effort was made to control the temperature of the air 
surrounding the limb in the chamber. The air compressor became 
warm after running some minutes; consequently the air tempera- 
ture in the aluminum chamber rose gradually to between 25° and 
29° C. One forearm was encircled by an electric heating pad to 
reduce reflexly the vasoconstrictor tone in the lower extremities 
so that an adequate reservoir might be available for accommodat- 
ing arterial blood drawn into the peripheral vessels during suction. 
The patients usually perspired slightly during the period of treat- 
ment. 

Suction amounting to between 80 and 120 mm.Hg (^. e., below 
atmospheric pressure) was applied for 25 seconds alternately with 
pressure of 60 to 80 mm.Hg (f. e., above atmospheric pressure) for 
5 seconds. The time required to change the air pressure within 
the aluminum chamber from —120 to -1-80 mm.Hg was reduced 
to about 3 seconds in order that as little time as possible should 
be lost in changing from suction to pressure. The time relations 
of the pressure variations have already been shown diagrammati- 
cally (Landis;® Fig. 6). Unless otherwise mentioned, —120 and 
-f 80 mm.Hg were used for 25 and 5 seconds, respectively. Until 
patients became familiar with the apparatus it was usually expedi- 
ent to use —80 and -f 60 mm.Hg for 25 and 5 seconds, respectively. 
In a few instances, —150 and -f-lOO mm.Hg were used -for 50 and 
10 seconds, respectively, without discomfort or injury. 

In general when rest pain was severe, or when ulcers had not 
yet begun to heal, the affected extremities were ex-posed to suction 
and pressure for 2 hours, twice daily. If rest pain was very severe, j 
treatment was given even more frequently, and over longer periods. | 
Occasionally for severe nocturnal rest pain, suction and pressure! 
therapy was used at night for as long as 6 hours continuously. ) 
After rest pain had diminished somewhat and after ulcers had begun 
to heal, the duration of treatment was reduced to 1 or 2 hours, 

at first once daily, then 3 times weeldy and finally to 2 hours once 
weekly. 

Ulcers were dressed daily with vaselin gauze; antiseptics were 
used only rarely, since even the mildest appeared to delay the growth 



SOS L;VXDIS, IllTZRO'r: peripheral vaschlar disease 

of granulation tissue and epithelium in ischemic extremities. Parts 
involved in dry gangrene were merely covered vith sterile gauze. 
Nearly all patients had been treated by means of the Ts-arm cradle 
for days or weeks before suction and pressure therapy was used; 
the use of the warm cradle was continued during the intervals 
between suction and pressure treatments. 

n. Clinical Observations. Observations on the treatment of 29 
patients have been arranged in a series of tables, grouped according 
to clinical diagnosis. The patency of the peripheral vessels is 
described under the heading, Vasodilator Hesponse, by recording 
the maximum skin temperature reached during vasodilatation if a 
measurable rise occurred. The notation 0 indicates that skin tem- 
perature continued to fall, or did not rise at all during the period 
when vasoconstrictor tone was abolished. The total duration of 
treatment is given in terras of the number of hours during which 
the extremity was actually exposed to suction and pressure. The 
left and right portions of each table describe the status of the 
patient before and after the application of pressure variations, 
respectively. The last column gives a clinical estimate of the use- 
fulness of suction and pressure in each instance. The general 
results will be considered according to diagnosis. 

Eesults. A. Diabetes. A total of 14 diabetic patients were 
treated, 9 having painful, indolent ulcers or gangrene (Table 1), 
5 having rest pain but no ulceration (Table 2). The diabetes was 
kept adequately under control during treatment. Table 1 indi- 
cates the clinical findings and results in the presence of ulceration 
or gangrene. Six of these patients were referred for treatment of 
ulcers which had failed to show eA’idence of healing during periods 
of 6 weeks to 4 months. Tavo complete failures were encountered. 
In 1 instance (Case 1) a large, deep ulceration healed, pain became 
less but sloAvly progressing osteomyelitis eventually required ampu- 
tation of the leg. In the other failure (Case 7), 2 of 3 ulcers healed, 
pain was relieved temporarily,' but a large slough in the floor of 
the third and most extensive ulcer failed to soften, pain again 
increased and the leg Avas amputated. 

The remaining 7 patients with ulcers improved conspicuously. 
Rest pain, originally present in 6 cases, aa'rs relicA-ed permanently in 
5 and temporarily only in 1. Cyanosis decreased and lesions, pre- 
viously stationary, healed often with considerable rapidity after 
suction and pressure therapy aaus begun. Protocol 1 (C^ase 3) 
exemplifies this group. Photographs taken before and after treat- 
ment of Cases 2, 3 and 4 are shoAvnin Figs. 1, 2 and 3, respectively. 

Table 2 summarizes the results in 5 diabetics without lesions. 
Rest pain and claudication diminished in 4. Case 14, treated for 
only 6 hours, shoAved no improvement but at a later period more 
adequate treatment Avas folIoAved by relief from discomfort at rest, 
though claudication AA'as but slightly affected. 
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B. Thromhoangiiiis Obliterans. Eight patients with thrombo- 
angiitis obliterans (Table 3) were treated for between 5 and 81 hours 
on account of ulceration accompanied by rest pain (/ cases) and 
claudication (4 cases). ' Two patients (Cases 20 and 21) suffered 
from ulcers which had persisted some months after nerve section. 
The general results were excellent in 4 instances, good in 1 and 
fair in. 2. Ulcers healed, cyanosis became less, rest pain gradually 
disappeared and the severity of intermittent claudication was 
diminished. 

Case 17 (see Proctocol), though recorded as a failure, should 
probably not be thus classified. This patient entered the hospital 
with a massive gangrenous slough extending to the middle of the right 
palm, following amputation of the index finger at another hospital. 
Conservative treatment was out of the question but the patient re- 
fused operation until several days after admission. During this period 
the effects of suction and pressure therapy on severe rest pain were 
observed with the temporary relief indicated in Protocol 2. The 
patient finally permitted amputation above the elbow. 

Case 18 suffered from dry gangrene of the tip of one toe with 
severe rest pain. Relief of pain, though striking, was only tem- 
porary and the toe was amputated at its base. The patient returned 
several weeks after operation with renewed pain; suction and pres- 
sure therapy was used to aid healing of an indolent ulcer which had 
persisted at the site of amputation. 

Three patients with thromboangiitis obliterans but with no 
ulceration (Table 4) were treated, 1 for rest pain and 2 for inter- 
mittent claudication. Rest pain disappeared, intermittent claudi- 
cation became less intense and did not appear so soon in the course 
of exercise. 

C. Arteriosclerosis. Three patients hospitalized for lesions asso- 
ciated with arteriosclerosis of advanced grade were treated, with 
failure in 1 instance and with excellent results in 2. The patient 
in whom amputation was eventually necessary presented dry 
gangrene of the toe with excruciating rest pain. Suction and pres- 
sure therapy was used for a total of 2 hours over short periods. 
Rest pain was absent during the use of suction and pressure but 
returned during the intervals between treatments. The associated 
])olycythemia and varicose veins made permanent benefit very 
unlikely so that amputation Avas resorted to without further trial 
of suction and pressure therapy. Case 28 complained of severe 
pain which ivas relieved on several occasions within a few minutes 
after suction and pressure therapy was started. The ulcers in this 
patient had previously been enlarging but began to heal quite 
pronqitly and closed completely after 91 hours of therapy. 

One patient (Case 29; see Protocol) presented on admission 
marked slaty cyanosis of the great toe Avith excruciating pain con- 
trolled only partially by opiates in moderate dosage. Amputation 
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seemed liazardoiis on account of associated myocardial weakness, 
angina pectoris and generalized arteriosclerosis. Suction and pres- 
sure therapy was instituted with the result that pain diminished 
rapidly and cyanosis disappeared. The patient was discharged free 
of rest pain. The foot still showed slight cyanosis in the dependent 
position, but the previous gray dusky cyanosis had disappeared. 
A summary of this patient’s record is given in Protocol 3. 


Table C. — General Summary. 


Diagnosis. 


Diabetes; 

With ulceration . 
Without ulceration . 
Thromboangiitis obliter.ans: 
With ulceration . 
Without ulceration . 
Arteriosclerosis: 

With ulceration . 
Without ulcer.ation . 


Relief of symptoms and 
signs. 


None. Fair. • Good. 

2 1 G 

1 0 4 

2 2 5 

0 12 

• 

10 2 
0 0 1 


Totals Of 4 20 


Total. 

9 

5 

9* 

3 

3 

1 

30* 


* Case 18 was treated before and after amputation of toe. Results have, therefore, 
been entered in 2 columns. 

t Poor results associated with: (a) Osteomyelitis in 1 case; (6) gangrenous slough 
in 4 cases: (c) very brief period of treatment in 1 case. 


D. Effect of Sveiion and Pressure on. the Various Clinical Mani- 
festations of Ischemia. Table 6 summarizes the general results 
more briefly. In 29 patients treated with suction and pressure, 
amputation was performed in 5, and 1 patient was not aided by a 
period gf treatment which was too brief to be considered a fair 
trial. Thus, 6 patients were aided not at all or only temporarily; 
in none was there evidence of harm arising from the use of suction 
and pressure. In the 5 patients coming to amputation a massive 
gangrenous slough was present in 4, and extending osteomyelitis 
in 1. Attempts to arrest an early osteomyelitis failed completely 
even though the cutaneous lesion healed except for a sinus kept 
open by exudate from the infected bone (Table 1, Case 1 ; Table 3, 
Case 19). The results indicate also that deep gangrene makes it 
unlikely that suction and pressure therapy will be of permanent 
benefit. When gangrene involves more than the superficial tissues, 
suction and pressure therapy can do little more than reduce pain 
temporarily, and possibly put tlie adjacent tissues in better condi- 
tion to withstand amputation. The history of Case IS (Table 3) 
suggests that after amputation of a digit suction and pressure 
therapy may make it possible in some instances to avoid more 
extensive mutilation. The less severe manifestations of ischemia— 
cyanosis, rest pain, intermittent claudication and indolent ulcera- 
tion-diminished in many patients during the period when suction 
and prc.ssure therapy was used. 
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When patients are first treated, changes in skin color may become 
obvious almost at once, but more often cyanosis is affected only after 
several hours of treatment. In a few cases, subjective relief was 
obtained without any clearly demonstrable modification of skin 
color. 

The effect of suction and pressure on cyanosis seerns to depend 
upon the grade of organic vascular obstruction. In a limb which is 
ischemic by reason of vascular spasm accompanied by moderate 
organic obstruction, cyanotic digits often become pink during the 
first few alternations of pressure. On several occasions when 
Case 25 (Table 4) eame in from out-of-doors (temperature, 18° to 
15° C.), both lower extremities were extremely cold and the skin 
of both feet was intensely pale and cyanotic. The left extremity 
(the more diseased) was placed in the apparatus, while the other 
remained in room air at the same temperature. Suction and pres- 
sure were applied in the usual way. At the end of the first period 
of suction the foot became deeply red except for the second, third 
and fourth toes which still remained pale and cyanotic. The second 
suction period produced redness of the fourth toe and of the bases 
of the second and third toes. The fourth suction period reddened 
all the skin of the foot excepting that at the tip of the third toe. 
One minute later this digit was also normal in color. The other 
extremity meanwhile remained pale and cyanotic. 

When advanced organic obstruction is present (e. g., Case 8, 
Table 1), digits, originally cyanotic, will gradually become normal 
in color as blood invades the skin from the base of the digit. The 
progress of this change in color is very much slower, but it can be 
followed from day to day and is naturally subject to changes in 
environmental temperature. The hjqieremia which accompanies 
suction may finally become almost as pronounced as in normal skin. 
The color changes are often striking enough to be noticed spon- 
taneously by the patients themselves. Normal skin color, once 
induced, usually persists even during the winter months. 

Those areas of skin which are actually necrotic exhibit no change 
in color. Presumably local asphjOLia has produced thrombosis and 
stasis, closing the vessels permanently so that blood flow cannot be 
resumed even with external physical aid. 

Lewis ct al.^ produced pain in normal subjects by exercise while 
blood flow was restricted. Restoration of blood flow quickly 
relieved this pain. Since suction and pressure therapy increases 
blood flow, as indicated by elevation of skin temperature, it should 
also alleviate rest pain in a relatively short time. The immediate 
effects on rest pain haA^e been described (Landis'^) and are illustrated 
in Protocol 2. In the many hours during which suction and pres- 
sure have been used, rest pain has been in general strikingly reliei^ed 
during the period of treatment. This relief proved to be only 



316 LAKDis, mrzROT; peripheral vascular disease 

temporarj' when massive gangrene or large gangrenous sloughs 
were present. The pain of neuritis was not affected. 

Patients with indolent or slowly enlarging ulcers, but Avithout 
frank gangrene, large sloughs or extending necrosis, obtained more 
lasting relief from rest pain. As a rule, patients exliausted by 
continued pain fall asleep while the extremity is in the apparatus. 
Sleep ordinarily became possible without sedatives after a few days. 



Fig. 1. — Patient R. S., T.ablo I, No. 2, shotvine lesion: (.A) After ordinnrj* con- 
servative therapy for 0 -weeks; and (B) after suction and pressure therapy, tot.alinp 
2-1 hours in 3 -weeks. 

Discomfort may arise during treatment if ulcers are allowed to dry; 
this can be avoided by coA'ering raiv areas with vaselin with or Avitli- 
out bandage. 

The continuous use of suction and pressure was attempted on 
several occasiojts. Unfortunately, liowever, the tj-pc of cuff used 
in these studies cannot be tolerated for more than a few hours and 
immobilization|of the extremity becomes extremely irksome after 
2 or 3 hours. Until a more comfortable cuff is available, suction 
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and pressure therapy should not be used routinely for more than a 
few hours without interruption. 

The effects of suction and pressure on intermittent claudication 
were difficult to evaluate and have been in general less striking, 
though slow improvement was observed as a rule. The subjective 
nature of the symptoms in intermittent claudication and the possi- 
bility of spontaneous recovery make it advisable to reserve judg- 
ment concerning the usefulness of suction and pressure therapy in 
treating this particular form of pain. 

The effect of suction and pressure on actual lesions arising from 
prolonged ischemia depend upon the tjqie of lesion. Patients with 
frank gangrene did not improve significantly during or after exposure 
to pressure variations. One patient with a large sloughing ulcer 
under the malleolus showed temporary improvement, but slow 
extension of the slough and renewed pain after seA’^eral Aveeks made 
amputation eventually necessary. Those patients who had indo- 
lent ulcers Avithout frank gangrene and Avithout large sloughs Avere 
markedly improved. The ulcers under observation had, in some 
instances, been indolent or enlarging under treatment Avith anti- 
septics and heat for periods of several months before pressure varia- 
tions Avere used. 

Protocols. Case 3. — (Table 1.) M. T., male, aged 60, AA'ith mild 
diabetes of unknoAvn duration, developed a necrotic ulcer on the lateral 
aspect of the right heel while convalescing from the amputation of his 
left leg for gangrene at another hospital. The necrosis extended deeply; 
the lesion had not changed during 3 months’ conser\'ative treatment. 

On admission to the Philadelphia General Hospital, physical examination 
shoAved retinal and peripheral arteriosclerosis with popliteal pulsation but 
no palpable pulse in the foot. Roentgenography revealed conspicuous 
calcification of the pedal arteries. The foot was not painful and Avas 
cyanotic only when dependent. No A^asodilator response was obtained 
when A'-asoconstrictor tone was abolished, indicating that marked organic 
arterial occlusion Avas present. The punched-out ulcer was not tender 
and measured 1.5 cm. in diameter (Fig. 2A). 

After 40 hours of treatment A\dth alternate suction and pressure (—120 
and -f 80 mm.Hg) during 6 weeks, the ulcer had healed completely (Fig. 2B) 
AAithout modification of skin color. Anesthetization of the posterior tibial 
ner\’e still produced no elevation of skin temperature. 

In this instance^ an ulcer unimproved by 3 months of usual treatment 
healed during suction and pressure therapy. 

Case 17.— (Table 3.) C. D., white male, aged 53, Avas admitted to the 
UniA-ersity Hospital on January 25, 1934. Since 1926, when the diagnosis 
of thromboangiitis obliterans was first made, the patient had undergone a 
senes of amputations of fingers and toes. Certain of these amputations 
foUoAA-ed lumbar sjunpathectomy. 

In December, 1933, the iiidex finger of the right hand became painful 
formed at its tip. The finger Avas amputated, December 16 
1933, at another hospital. Operation AA'as folloAved by infection of the 
palm, swelling of the whole hand and increased pain, particularly after the 
palm was incised for drainage. 
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On admission the patient complained of agonizing pain in the rigiit hand. 
A large gangrenous slough extended from the base of the thumb to the 
base of the third finger. The distal cut end of the proximal phalanx of the 
second finger protruded from the middle of a slough which penetrated 
deeply into the middle of the palm. The other fingers of the right hand 
were cyanotic and showed pits indicating previous localized necrosis. 
Arterial pulsation palpable in the elbow could not be followed to the A\Tist. 
A roentgenogram shoAA'ed osteomyelitis of tAvo metacarpals. 



Fig. 2. — Patient iM. T.. Table 1. No. .3. show-inc lesion; (A) -After ordinarj'- con- 
servative treatment for 3 months; and (B) after suction and pressure therapy, totaling 
40 hours in 2 months. 


Conservative treatment Avas regarded as completely hopeless, oAA-ing to 
the size of the slough and the Avell-devclopod osteomyelitis. Tliere Avas no 
CA'idence of acute sjtrc.ading infection though the avIioIc hanti Avas .SAVollen 
and brawny as a rc.sult of previous infection, "j'he ]tatient absolutely 
refused to submit to amjnitation until 72 hours after adnu.ssion. During 
this interval the right hand Avas exposed to suction and iwcs.sure to relieve 
rest pain if possible, \\lien the patient lay in bod the hand could not be 
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held above the level of the sternum more than a few minutes •ndtlmut 
producing agonizing pain. On 2 occasions the right hand was placed in a 
modified aluminum box elevated above the sternum so that the hand 
assumed the position which, under ordinary conditions, became intoler- 
able after a few minutes. Suction and pressure were applied while the hand 
lay in this position. 


A 


B 



Fig. 3. — Patient C. L., Table 1, No. 4, showing lesions; (A) After ordinary con- 
servative treatment for 3 weeks; and (B) after suction and pressure therapy, totaling 
37 hours in months. 


12.15 r.M. 


12.30 P.M. 
1.45 P.M. 

1.47 P.M. 

1.48 P.M. 

1.49 P.M. 
2.30 P.M. 
2.35 P.M. 


Observation 1, January 26, 1934. 

Right hand placed in apparatus Math sponge rubber cuff at a 
point halfway between the elbow and VTist. Suction 
(SO mm.Hg) and pressure (60 mm.Hg) applied alternately 
for 25 and 5 seconds, respectively. 

No pain whatever. 

No pain. Pump stopped for 2 minutes, followed by severe 
pain in palm. 

Pump started again. Fingers still cyanotic with small red 
areas visible over palm. 

Pain less. 

Pain gone, itching remains. 

Slight persistent pain in palm, not severe. 

Hand removed. No severe pain at time of removal but pain 
returned later. 
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Observation 2, January 26, 1934. 

9.00 P.M. Pain present. Suction (90 mm.Hg) and pressure (70 rnm.Hg) 
applied alternately for 25 and 5 seconds, respectively. 

9.05 P.M. No pain. 

9.35 p.M. Itclung in palm, no pain. 

10.00 p.M. Slight steady pain on back of hand and palm obviously not 
severe since patient slept most of the time. 

10.03 P.Ji. Pump stopped, aluminum chamber opened to loosen bandage 

over VTist. 

10.04 P.st. Severe pain. 

10.05 P.M. Pump started, pain diminishing. 

11.15 p.M. Entirel}’’ comfortable, sleeping at intervals. 

11.40 p.si. Hand feels numb and tired, especially near WTist where cuff is 
situated. 

12 MIDNIGHT. • Discomfort and numbness due to pressure of cuff required 
removal of hand from the apparatus. Numbness and fatigue 
disappeared as soon as cuff was removed from the forearm. 
Suction and pressure relieved rest pain temporarily on 3 occasions, 
but pain in the intervals, the magnitude of the slough and the osteomyelitis 
made amputation obligatory. 

Case 29. — (Table 5.) G. M., wdiite male, aged 65, observed blueness 
of the left great toe in October, 1932, ndth numbness and pain in the ankle 
after exercise. During April, 1933, he experienced sharp, lancinating pain 
in the left great toe which continued ndtli exacerbations so that continued 
sleep was impossible, even ndth opiates, for the 2 weeks immediately pre- 
ceding admission. 

On admission to the Universitj' Hospital on April 27, 1933, physical 
examination revealed emphysema, enlargement of the heart to the left 
and a blood pressure of 176 s}'stolic and 74 diastolic. There was moderate 
generalized arteriosclerosis and no arterial pulsation could be felt in either 
foot. A vasodilatation test revealed marked organic vascular occlusion. 
A diagnosis of arteriosclerotic occlusion was made. 

The affected toe was extremely painful, tender on even light pressure 
and deep slaty-blue in color. Tts appearance was that of an early stage of 
gangrene. During the first 48 hours of hospitalization the pain was not 
appreciably affected b}' considerable sedative medication and a thermo- 
regulated warm cradle. 

From April 29 to May 9 suction and pressure therapj’’ was used from 2 to 
4 hours dailjn No pain was experienced while the extremity was exposed 
to suction and pressure. The patient slept throughout the first few periods 
of treatment. Tenderness disappeared and cutaneous blebs originally 
present dried up without invohdng more than the superficial layers of the 
skin. Skin color changed only slightly at first, but later the area of cyanosis 
was rapidly invaded by rubor and eventually the whole toe was at times 
bright red in color, still becoming rather cj’anotic, liowever, in the depen- 
dent position. By hlay 1, rest pain, formerly severe and continuous, was 
much milder and only occasional. There was almost no pain after May 7 
sedatives being discontinued after May 6. The patient was discharged, 
May 27, 1933, after being free of pain for 2 weeks. The color of the left 
foot was practically normal at the time of discharge. 

Discussion. The desirability of increasing local blood flow in 
certain medical and surgical conditions involving the extremities 
has long been recognized. Pare,® Nicoladoni,'® Bier" and others 
induced venous congestion liy applying a constricting bandage at the 
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base of the extremity. While this procedure increases the amount 
of blood trapped in the vessels distal to the bandage it does not 
increase, but really reduces, total blood flow if congestion is extreme 
(Stewart^^). Junod^® and Bier** placed the limb in a rigid box and 
produced venous engorgement by removing air slowly over a period 
of 2 to 3 minutes until the pressure about the limb was finally 
reduced considerably below atmospheric pressure. Hemorrhages 
appeared in the skin when the pressure was reduced too greatly 
during such prolonged suction, indicating that the peripheral ves- 
sels were conspicuously distended. Bier claimed no increase of 
blood flow for this procedure, properly re^rding it merely as 
another method of producing passive congestion. 

D fleet measurements of capillary pressure (Landis^'*) indicated 
that the rate of blood flow in the capillaries of the frog’s mesentery 
depends upon the steepness of the gradient of peripheral blood pres- 
sure. According to Poiseuille’s law the amount of fluid flowing 
through a rigid tube depends upon the fall in pressure along the 
tube. On these grounds Landis and Gibbon^ were the first to call 
attention to the theoretical possibility of increasing the peripheral 
fall in blood pressure by applying negative and positive pressure 
alternately to the surface of the lower extremity. It seemed likely 
that this procedure, if carried out under the proper conditions, 
might increase the amount of blood flowing past an arterial obstruc- 
tion in unit time. In normal subjects these pressure variations 
increased blood flow and elevated skin temperature in the treated 
limb. The same procedure diminished the rate of cooling' of an 
extremity originally warm, and usually caused an originally cold 
extremity to become warmer. Pressure variations sometimes failed 
to affect the skin temperature of the cold extremity, but as soon as 
vasoconstrictor tone was diminished slightly, skin temperature rose 
conspicuously in the treated extremity. The vasodilator response 
to warming one forearm appeared earlier, and was more complete, in 
the extremity exposed to external pressure changes. The studies 
were then extended to include patients with peripheral vascular 
disease advanced to the stage when a rise of skin temperature 
could no longer be induced by abolishing vasoconstrictor tone. In 
these patients, alternate suction and pressure increased blood flow 
even though pronounced organic obstruction was present (Landis 
and Gibbon-*). It was supested that this procedure might help 
to alleviate the manifestations of the ischemia ordinarily observed 
in patients suffering with obliterative structural disease of the 
arteries. 

Reid and Herrmann*^ sirnultaneously studied the effects of treat- 
ing patients by applying intermittent negative pressure alone to 
the extremity, according to Bier’s method. In thefl first report 
(1933) they advocated the following procedure: “The air is slowly 
witlidrawn from the chamber so that about 2 minutes are required 
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to reduce the pressure within the chamber to 70 miu.Hg of negative 

pressure The negative pressure of 70 mm. is allowed to 

act upon the vessels of the extremity for 1 minute and tlien tlie 
pressure is slowly ijicrcascd until atmospheric pressure is reached. 
This phase of treatment should also be done in about 2 minutes. 
The entire cycle will then be completed in about 5 minutes. Five 
to 10 sucli cycles constitute 1 treatment.” Reid and Herrmann 
advised against the use of intermittent positive pressure because 
“serious secondary arterial thromboses” were produced in 3 cases. 
In a 5-minute cycle the prolonged ]ieriod (2 minutes) of ]5ositive 
pressure might well be injurious since the jjallor of the skin, even 
after a few seconds of positive pressure, indicates that the skin 
becomes relati^-ely, if not completely, ischemic. 

Landis and Gibbon,^ in using -fSO mm.Hg for 5 seconds, observed 
no deleterious effects in normal subjects or in patients with periph- 
eral vascular disease. Xor have any injurious effects been observed 
in tlie studies reported in this paper. Herrmann and Reid found 
also that a negative pressure of more than 100 mm.Hg was apt to 
produce hemorrhages into the skin. It seems likely that this was 
due also to tlie long period (2 minutes) of suction and to incomplete 
emptying of the veins during the period when atmospheric pressure 
prevails. Both in normal subjects and in patients (Landis and 
Gibbon^), suction amounting to —120 mm.Hg for periods of 25 sec- 
onds did not produce visible cutaneous hemorrhages. In the stud- 
ies reported in this paper no hemorrhages were observed presumably 
because the peripheral vessels were well emptied between suction 
periods by applying positive pressure (GO to 80 mm.Hg) for 5 seconds. 

In a more recent publication, Herrmann and Reid*® describe a 
commercially available unit which they have arranged for the use 
of suction and pressure up to 100 mm.Hg. They recommend that 
the alternation of suction and pressure be made at the rate of 

2 or more complete cycles per minute instead of 1 cycle in 5 minutes 
—their original interval. They recommend a negative pressure of 
SO mm.Hg and a positive pressme of 20 to 40 mm.Hg, the latter 
being required to empty the veins completely, particularly in throm- 
boangiitis obliterans. Elevating the limb aids the return of venous 
blood and is more feasible with a glass container such as they use 
than witli the heavier aluminum box used in the observations 
reported by us. As in the original Bier technique, however, the 
pressure variations are introduced slowly, the whole cycle being 
required for the gradual change from —SO to -f40 mm.Hg. The 
average negative pressure is, tlierefore, considerably less than 
SO mm.Hg, which represents merely the peak of negative pressure 
reached. In the studies reported here, —120 mm.Hg indicates the 
negative pressure during the whole of the 25-seconcl ]ieriod. The 
change from positive to negative pressure is made rapidly (during 

3 seconds) to avoid the loss of mechanical efficiency which must 
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accompany the slower changes in pressure. This procedure requires 
a larger pump, a more powerful motor and larger tubing between 
the pump and the treatment apparatus. There is no way at present 
of deciding which procedure will provide the best practical results. 
Rapid and greater changes of pressure modify skin color more 
strikingly than do slower changes. Other things being equal, the 
flow of blood should be increased to a greater degree by changing 
pressure suddenly since the average negative pressure is greater. 

h'lost of the patients whose course during suction and pressure 
therapy is described in this paper had been treated conservatively 
by the usual methods without success. The apparent benefit 
derived is, tlierefore, more significant than it would have been if 
iinselected cases had been treated. The rise in skin temperature 
(Landis^), the diminution of rest pain and the healing of previously 
indolent ulcers indicate that alternate suction and pressure increases 
the blood flow at least temporarily. At the present time it is im- 
possible to do more than speculate upon the permanence of this 
improvement. Complete and lasting recovery depends upon the 
development of adequate collateral circulation.* Sufficient time 
has not elapsed to determine to what extent increased blood flow 
depends upon the continued use of pressure variations. In some 
patients, collateral circulation seems to develop slowly during and 
after treatment (Landis,® Table 4, Cases 22, 23, 24, 25). The 
majority of the patients who were studied with reference to their 
vasodilator response before and after brief periods of treatment 
showed no significant change. This means only that the increase 
in the rate of blood flow was not sufficient to be measured objec- 
tively by recording skin temperatures during vasodilatation. It is 
conceivable that temporary clinical improvement may occur without 
change in the vasodilator response which is, at best, a rather crude 
test for measuring small changes in blood flow. 

* The importance of this factor is emphasized by the recurrences since observed 
in C.ises -3, 12 and 18. .Those 3 patients showed no increase in vasodilator response 
during or after suction or pressure thcrapj' and received no significant amount of 
therapy after they were discharged from the hospital. 

In 1 instance (Case .3) a necrotic lesion of the great toe appeared 6 months later 
and advanced slowly in spite of suction and pressure tliorapy. Amputation of 
the leg alxrve the Knee revealed marked sclerosis of the femoral artery. In Case 12 
gangrene of the tod aptieared 4 months after the patient was discharged from tlic 
liospital. Ascending infection contraindicated suction and pressure and led finally 
to ainputation above the knee. Case 18 suffered from the subacute form of thrombo- 
angiitis obliterans which had already required amputation of 3 digits in the course of 
2 yc.ars. The i>atient returned 1 year after the second admission, dcscrilredin Table 3, 
with a deep ulcer at the base of the fiftli digit. Involvement of an interphalangeal 
joint and osteomyelitis of a pljalanx contraindicated suction and pressure therapy. 
The fifth toe was amptitalcd in .Tammiy'. 1935, loc.al heat, vasodilator drugs and 
suction .and pressure Ircing used to aid healing of the wound. 

In these 3 cases collateral circulation obviously did not develop to anv significant 
degree and idinieal improvement was only temporary'. Whether or no't continued 
treatment after the patients were discharged would have modified the final result is 
not kno\nu 
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Coniraindicaiions. Contraindications to the use of suction and 
pressure can be given at this time on theoretical grounds only, 
since the number of cases treated is far too small to permit gen- 
eralization. Pressure variations cannot be used indiscriminately 
or v'ithout careful medical supervision. There must be no active 
or spreading cellulitis in the limb. In 2 patients, botli diabetics, 
a doubtfully indolent process was aggravated by the first few hours 
of treatment and amputation was probably hastened rather than 
delayed. Before suction and pressure is used it should be carefully 
ascertained that encapsulated pus is not present. Infective material 
might easily be massaged into the lymphatics more rapidly during 
pressure variations. Osteomyelitis, however slight, makes it un- 
likely that complete healing of cutaneous lesions can be obtained 
as long as drainage from beneath continues. When large masses 
of tissue are actually gangrenous, or sloughing, only temporary 
relief has so far been observed. 

Indicaimis. The procedure seems to be worthy of clinical trial, 
particularly for patients in whom treatment with ordinarj"^ conserva- 
tive measures is ineffectual. Evidence is accumulating to show 
that if patients can be aided temporarily during episodes of pain 
or ulceration, time is gained for the natural development of adequate 
collateral blood flow and mutilating operations can often be avoided. 
In this connection alternate negative and positive pressure therapy 
can be of service even to those patients whose peripheral arteries 
have lost their power of dilatation oAving to advanced obliterative 
arterial disease. Suction and pressure therapy should not displace 
but can be added to other conserAmtiA^e measures. 

Summary. The extremities of 29 patients suffering from ad- 
Amnced peripheral Avascular disease AA’ere exposed to alternate 
suction (—SO to —120 mm.Hg) and pressure (+40 to +80 mm.Hg) 
for 25 and 5 seconds, respecth^ely. These pressure A'^ariations AA’ere 
used for periods of 1 to 2 hours, at first once or tAA'ice daily, then 
3 times Aveekly and finally, as symptoms diminished, once AA’eekly. 

Cyanosis usually diminished; symptomatic improvement A\-as 
sometimes obserA'ed, lioAA-eA'er, Avithout significant change in skin 
color. 

The rest pain of ischemia A\’as usually abolished during actual 
use of suction and pressure and gradually became less seA'ere in the 
interA’als betAveen exposure to pressure A'ariations. Lasting relief 
of pain Avas not observed in the presence of deeply extending 
gangrene or large sloughs. 

Ulcers, enlarging or indolent under ordinary conser.vatiA^e treat- 
ment, usually began to heal soon after suction and pressure therapy 
AA’as instituted. 

Intermittent claudication bec“ame, in general, milder and exereisc 
tolerance aars slightly, but definitely, increased. 

Suction and pressure therapy was of no definite, lasting serviee 
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ill patients Avith osteomyelitis, deeply extending gangrene or large 
sloughs. 

This form of therapy must be applied with caution, small pressure 
changes being used at first. The presence of acute spreading infec- 
tion or encapsulated pus must be definitely ruled out before pressure 
variations are used. 

Suction and pressure therapy, if carefully applied, appears to be 
Avorthy of clinical trial in the treatment of peripheral Avascular disease 
CA^en Avhen organic obstruction has advanced to the point A\'here 
arterial blood floAv can no longer be increased by A'^asodilatation. 
The method may be of service by increasing local blood floAV tem- 
porarily during episodes of pain or ulceration so that time is gained 
for the deA’'elopment of adequate collateral blood floAV. 
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A TENTATIVE WORKING CLASSIFICATION TO FACILITATE 
THE TREATMENT OF PULMONARY TUBERCULOSIS.* 

By Laavrason Broavn, j\I.D., 

CONSULTAKT IN THE TRUDEAU SANATORIUM, TRUDEAU, N. Y., 

SARANAC LAKE, N. Y., 

AND 

Homer L. Sampson, D.Sc., 

ROENTGENOLOGIST IN THE TRUDEAU SANATORIUM, TRUDEAU, N. Y., 
TRUDEAU, N, Y. 

In the folloAving classification aa’c have divided all patients into 
tAvo races, Avhite and negro, and each of them into two groups, the 
minimal and the advanced. The patients Avith advanced disease 

* Road at the National Tuberculosis Association meeting, Cincinnati, O., May, 1934. 
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have been further subdivided on tlie basis of the type of the predomi- 
nating disease into the proliferative and the exudative. Under each 
of these we have discussed tlie moderately advanced and the far- 
adA'aneed stages. These in turn have been separated into those 
with and those vdthout cavity formation and whether or not the 
disease extended below the third rib. Finally we have attempted 
to outline the treatment of the patients according as to whether 
or not the disease was retrogressing, stationary or advancing. The 
surgical procedures are arranged in the order in which we recom- 
mend them. 

It has long been considered a doubtful procedure to suggest any 
form of surgical mter\'ention for patients in the truly minimal stage 
of pulmonary tuberculosis. In this stage the slight infiltration does 
not extend below the level of the second chondrosternal junction if 
unilateral or below the level of the clavicles if bilateral. Cavitation 
is, of course, never present. The results of treatment in such patients 
at the Trudeau Sanatorium reveal that at the end of 15 years 92% 
are alive. It is doubtful if the results of treatment in any class of 
patients with pulmonary tuberculosis will be found to be much better 
than this. Accordingly it seems safe to watch such patients and 
refilm them from time to time. If the second film shows a definite 
increase of the disease, the plan of immediate treatment depends 
upon what the patient has been doing up to this time. If he has 
been active, he should be put at rest and carefully watched. If he 
he has been on strict rest, active surgical interference at once may 
be considered, particularly when time or finances are pressing or 
urgent. In such patients, especially those where there is some indi- 
cation of pulmonary contraction (the trachea drawn toward the 
diseased side, tlie diaphragm elevated, the mediastinum shifted), 
a temporary phrenic operation may be all that is required to bring 
about reco^'ery. Artificial pneumothorax may be also considered, 
as the favorable results following this operation in the early stages 
of the disease in negroes suggests tliat it may be safely applied to 
other races. 

Patients in the advanced stage of pulmonary tuberculosis should 
be grouped, we believe, according to the t\qje of the predominating 
disease, into the proliferative and exudative groups. This, at 
times, is not a simple matter and the doubtful cases may be placed 
in the exudative group and watched more carefully. In each of these 
two groups the division into moderately and far-advanced stages 
should be followed, for they are important in determining the form 
of treatment required. Again it is necessary for the same reason to 
separate those with, from those without cavitation. The presence 
of a cavity automatically places the i)atient in the advanced group 
and any cavity with a diameter over 4 cm. falls once more automatic- 
ally into the far-advanced group. Patients in the proliferative, 
moderately advanced group without cavitation can usually be 
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safely treated somewhat longer without resort to surgical^ interfer- 
ence. If the disease improves, surgical treatment is not indicated 
nor is it necessary in patients in a stationary condition though they 
need more careful watching. If the disease advances in spite of 
other forms of treatment, surgical interference is required. ^ 

As a pulmonarj' cavity can practically never heal until its walls 
approximate, as a wet-walled cavity usually gives off more or less 
numerous tubercle bacilli which constitute a threat to the remainder 
of the lung as well as to the opposite side, it is at once apparent 
that such an approximation of the walls is highly desirable as soon 
as possible. As soon as the disease in any case of pulmonary tuber- 
culosis extends below the third rib (which usually implies that it 
has passed beyond the extent of a single lobe) the disease becomes 
much more serious. This is taken into account in patients with 
cavitation. In all patients retrogression of the disease is a hopeful 
sign but too much must not be based upon it when it is not associated 
with a very definite decrease in the size of the cavity. Hence surgical 
treatment may be required for a persistent unchanging cavity. In 
stationary disease lasting over 2 or 3 months, if symptoms or tuber- 
cle bacilli increase, or in progressive disease, surgical treatment is 
indicated. When the disease extends below the third rib, active 
surgical treatment is demanded earlier and upon slighter symptoms. 
The patient in the far-advanced proliferative stage without cavity 
usually requires no surgical treatment except for displacement of 
viscera, when a phrenic operation may relieve the situation. We 
can picture a patient in whom a marked contraction, similar to that 
following an organizing atelectasis, may require an artificial pneu- 
mothorax. A patient with a proliferative far-advanced stage of the 
disease with cavitation may demand surgical treatment even when 
the disease is retrogressing. 

All patients with the exudative tjqje of disease should be con- 
sidered to be in a more serious, a more rapidly changing, a more 
acute condition. In a certain number the condition improves very 
ra])idly but in others it jjrogresses just as rapidly. Hence it is 
highly important to watch these patients more closely than those 
with proliferative disease. Cavities frequently appear Avith startling 
rapidity and may enlarge very suddenly. On account of the rapid 
changes that often occur in patients between the ages of 12 and 19, 
especially in girls, it is well to place such patients under this head. 
For similar reasons all negro patients fall into this group. In this 
group artificial pneumothorax is the operation of choice. The 
phrenic operation is often of little aid. In certain acute unilateral 
cases when the patients are in good general condition, having been 
ill and confined to bed but a short time, when artificial pneumo- 
thorax cannot be produced and Avhen the phrenic operation has been 
of no avail, thoracoplasty may be considered. In many of such 
patients the chances of recovery are very slim without some form 
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of surgical intervention. As artificial pneumothorax has often so 
peatly increased the chances of recovery in such patients, it seems 
justifiable, if pneumothorax cannot be produced, to resort to thoraco- 
plasty, in hopes that extension to the opposite lung may be prevented 
and that the collapse produced may act in a way similar to that 
brought about by artificial pneumothorax. A desperate condition 
demands taking considerable chances. Even when the disease in 
the exudative cases is retrogressing, and more particularly when it 
is apparently stationary, surgical measures must be thought of. 
While this holds for the moderately ad^^^nced stage, the only hope 
for the far-advanced group lies in artificial pneumothorax. Intra- 
pleural pneumolysis must be considered in all cases of incomplete 
artificial pneumothorax. 

This tentative working classification is not intended for the sur- 
geon with experience in thoracic surgery nor for the specialist with 
long training, but rather for the physician either in the sanatorium 
or on the outside, who needs assistance in deciding about the treat- 
ment for some of his patients. 


SUSCEPTIBILITy TO TUBERCULOSIS: RACE OR ENERGY 

LEVEL?* 

By C. a. Mills, 

PKOFESSOR OF EXPERIMENTAL MEDICINE, -ONIVERSITy OF CINCINNATI, 
CINCINNATI, OHIO, 

In dealing, as physicians, with the tuberculosis problem we have 
been so intent on the matter of early diagnosis and treatment of 
the individual patient that we have too often failed to see the larger 
aspects of the disease in its general relationship to man. Stead.y 
decline in its death rate has largely resulted from improvement in 
the hygienic care of the active cases to prev^ent spread of infection. 
There remain, however, important underlying factors affecting 
susceptibility and resistance to the infection wliich desen-c careful 
study. _ , ' _ 

Man has not e^'er^^vherc the same resistance to tuberculosis. 
We have long recognized this fact in contrasting the sevei'ity of the 
disease in the negro with its less deadly course in the white race. 
We also are aware of the loss of resistance that accompanies states 
of low vitality from whatever cause (worry, grief, poorly controlled 
diabetes, malnutrition, ovciavork, exhaustion, etc.) and of the cura- 
tive value of building up the general physical state of tlie body. 

* All mortality figures in this article were obtained from annual statistics as 
issued by the FcA'r.al Government. Conception figures were derived from statistics 
of live births by dating back 1) months and 10 dtiys. For a description of the method 
of estimating stormincss, or tom{)eralun> variability, see Am. J. Hyg„ 15, 573, 10.32. 
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There are, however, still other factors affecting the whole popula- 
tion which exert a marked influence on the general resistance to 
tubereulosis, factors that in the main affect the energy level of 
existence and the physical vigor of man. It is this aspect of the 
problem which will be taken up in the following paragraphs. 

We have in various papers^ shown how bodily energy depends 
on the stimulating character of the environment, wdth temperature 
level and variability as perhaps the most important faetors. Meta- 
bolic diseases are found to vary in frequency and severity in direct 
proportion to the degree of this climatic stimulation, while for 
certain infectious diseases (acute nephritis and acute appendicitis) 
an inverse relationship was found. Where the climatic drive pro- 
duces most severe metabolic disturbances, there do we find the 
general resistance to infections highest, while in the Gulf States, 
where diabetes and toxic goiter are of little importance, resistance 
to infection is low. With the wide and frequent storm changes of 



Fig. 1. — Death rate from tuberculosis (all forms) per 100,000 estimated population, 
by states. AVhite race only — annual average, 1924-1928. 

the Northern States, man must endure much more frequent infec- 
tious attacks, especially in the respiratory tract, but his high vitality 
counterbalances this frequency of attacks. Were the people of the 
Gulf States suddenly to be subjected to the weather fluctuations 
of a northern stormy season, the respiratory disease death rate 
would be terrific. 

Let us now look into the climatic relationships of tuberculosis. 
There are first presented the state and city white death rates for 
the disease over a 5-year period (Figs. 1 and 2). The high rates 
for the Southwest (California, Colorado, Ailzona and New Mexico) 
should be disregarded, as they probably represent migration to this 
area of tuberculosis individuals from other states. Otherwise, the 
highest state rates for the white population are found in Tennessee 
and Kentucky, with the secondary high zone covering most of the 
states to the north and east. Throughout the Western Plains the 
state rates are low, while along the Gulf they are only slightly higher. 
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Because state rates for tuberculosis are so often influenced by the 
distribution of the population between city and country, rates for 
large cities were calculated and are presented in Fig. 2. Here one 
sees a V-shaped arrangement of the high rates, with the apex at 
New Orleans and one arm covering the northeastern area that 
shpws the high state rates. The other arm extends northwestward 
up the plains into the Canadian provinces. This is quite similar 
to the graphs of acute appendicitis attacks and deaths and to puer- 
peral sepsis deaths. In general, this V represents the course of our 
cold polar waves as they sweep down out of Canada, pass down the 
^\esterll Plains to, or near to, Texas, and then rc^'erse their direction 
to pass back ujj the I\rississii)pi and Ohio ^^alleys on their way to 
the mouth of the St. Lawrenee. 



Fig. 2. — Death rate from tuberculosis (all forms) per 100,000 estimated population. 
• in large cities. White race only— annual average, 1924-1928. 

Negro rates, while everj^where roughly 3 to 5 times higher than 
the white, show a steady increase on passing northward from the 
Gulf. Note in Table 1 the steady increase from Georgia up to 
h'larylaud and from Alabama up to Kentucky. They also show a 
diminution Avestward from the ^Mississippi River. The Ohio Valley 
seems to be particularly bad for tuberculosis (see Table 1 for negro 
rates by states and cities). A study of reported case incidence 
and case fatality over the country is now being made, preliminary 
figures indicating a much lower case fatality rate in the northern 
stormy area than in the South. 

In order to obtain a closer insight into the disease and its general 
characteristics, an analysis was made of the records of tlie Hamilton 
County Tuberculosis Sanatorium for the past 25 years. Cases were 
selecteVl Avhere a definite month for the onset of symptoms was 
ascertained and recorded, and the statistics were tabulated on the 
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basis of color, state of birth, duration of disease and time of onset. 
Fig. 3 shows the curve of frequency of onsets throughout the 12 
months, based on 3179 cases. For comparison is given the graph 
of temperature variability, or storminess, for S northern cities 
(Boston, New York, Baltimore, Cincinnati, St. Louis, Minneapolis, 
Chicago and Cleveland) which ivould also hold fairly Avell for 
Cincinnati alone. Here is seen the close parallelism between stormi- 
ness and tuberculosis onsets throughout the year, both reaching a 
peak in January and the low point of the year in July and August. 
The general curve of all respiratory infections, if plotted, would 
also follow much this same course, as would an inverted curve for 
the hours of sunshine. 


Table 1.— Deaths fhom Tubehculosis (All Eorms) peb 100,000 Estimated 
Colored Population. Annual Average, 1924-1928. 

Stales. 


Maryland . . ... 

. 269 

Tennessee . 

. . . 295 

Virginia 

. 194 

Alabama 

. . . 105 

North Carolina 

. 169 

Mississippi 

. . . 156 

South Carolina 

. 144 

Louisiana 

. . '. 177 

Georgia 

. 142 

Arkansas . 

. . , 146 

Florida 

. 151 

Oklahoma . 

. . . 140 

Kentucky 

. 270 




Cities. 


Los Angeles .... 

. 494 

Washington 

... 283 

Cincinnati 

. 456 

Indianapolis 

... 260 

Cievciand 

. 432 

Memphis 

... 244 

Kansas City, Mo. 

. 366 

Birmingham 

242 

Chicago 

• . 355 

Pittsburgh . 

. . . 231 

Detroit 

. .321 

Atlanta 

. . . 224 

Now Orleans .... 

. 306 

Dallas 

221 

Nashville . . . . . 

, 300 

Richmond . 

... 215 

St. Louis 

. 299 

Louisville 

. . . 210 

Now York 

. 299 

Fort AVorth 

. . . i70 

Philadelphia . . . . 

. 297 

Houston 

. . . 124 

Baltimore 

. 291 



This seasonal difference in frequency of onsets. 

wliile it folloAA'S 

storminess very closely. 

does not coincide exactly 

Avith variations 


in general vitality in the population. In Fig. 3 are also shown the 
month by month rates for conceptions resulting in live births and 
for deaths for the 8 cities mentioned in the preceding paragraph. 
These two rates are functions of general vitality and are usually 
mirror images of one another, although in this instance the concep- 
tions show a de]iression for the July and August heat as the mean 
monthly temperature rises above 70° F.= The general death rate 
and tuberculosis onsets are both lowest through mid-summer and 
rise steadily through the fall and early ivinter. The deaths con- 
tinue to rise through March, however, while the decline in tubercu- 
losis begins in February. The precipitous decline in case onsets 
comes in April, however, as the general death rate turns downward 
and the conception rate shows a sharp rise. 

VOL. ISO, NO. 3. — .M.VIICII, 1035 12 
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In view of the marked tendency for tlic disease, to begin jirodncing 
sym])toms during tlie^ colder, more stormy months, it seemed advis- 
able to see wliethcr it vas less deadly in summer tJiau in ^Yinte^. 
To this end cases were grouped according to month of onset and 

Fig. 3.— Seasonai. Vahiations in Tuberculosis Onsets in Relation to 
Conceptions, Total Deaths and Tejifeilatuhe Variability. 
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1, Tuberculosis onsets are for patients who died at the Hamilton County Tuber- 
culosis Sanatorium from 1909 to 1934. 2, Temperature variability curve represents 
mean monthly values for the past 60 years for the 8 stations named in text. 3, Curve 
for total deaths represents 5-year average of total deaths, month by month, for same 
S cities from 1924 to 1928. 4, Conceptions resulting in live births also represent 
5-year average. 


months of duration between onset and dcatli. In Fig. 4 are graphed 
the mean durations of the disease in months according to the time 
of year it started. All Ohio-born white cases from 1909 to 1933 
are shown in the upper solid graph. In the dashed graph are shown 
the findings for the part of these white cases coming on from 1909 
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to 1920, inclusive, while the cases arising since 1920 arc Presented 
in the dotted graph. In the lower solid graph were included the 
findings from negro patients whose birthplace lay in Alabama, 
Georgia, South or North Carolina. 


Fig 4.-MEAN Duration (in Months) of Tobercurosis in Cincinnati According 
TO Month of Onset and Birthplace. 



Upper solid graph represents white patients born in Ohio who eontracted the 
di.sease from 1909 to 1934. Dashed graph represents Ohio-bom white cases wth 
onset from 1909 to 1920, inclusive. Dotted grapli represents Ohio-born white cases 
with onsets since 1920. Lower solid graph represents all negro cases with birthplace 
in Alabama, Georgia, South or North Carolina. 


Certain striking features of these 4 graphs stand out clearly. 
First is the .short duration of tlie disease in cases with onset in 
April. All groujis, black and white, show this rtipid course of the 
disease from an Ajiril beginning. Ne.xt is seen the uniform high 
peak in June for all groups, cases starting in June being in general 
of longer duration. July and August ajipear less favorable, while 
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in September the mean duration again shows a marked rise in all 
but one group. October and November are again characterized 
by shorter duration from onset to death, but througli December and 
January the tendency seems to be for a slower course. 

That these findings for two different time periods with Ohio-born 
white patients, and for the Southern-born negroes, should show 
such agreement throughout the year must indicate a definite trend 
in the disease course, depending on the month of onset. It must be 
significant, for instance, that the sharp lengthening in disease dura- 
tion to its June peak should coincide with tlie year’s highest con- 
ception rate. LiJcewise it is probablj^ not by chance that cases of 
the disease beginning in Jiibv and August, when conceptions are 
depressed by the summer heat, should pursue a more rapidlj’’ fatal 
course. In the early fall, conceptions turn upward as the disease 
duration again lengthens. Then in late fall, the trends are re- 
versed. Most striking of all, however, is the fall in resistance to 
tuberculosis tliat reaches its crisis in April. Persons contracting 
the disease in Ohio in April would seem to be subjected to distinctlj'’ 
greater hazards than those who become ill in June. 


Table 2.~Mean Deration (in Months) of Tuberculosis Accordino to Birth 

PLACE.* 

No. of Mc.in duration. 

Birthplace. 

Color. 

cases. 

UlOS. 

Ohio 

White 

912 

. 22.27 0.60 

Other Northern States and Canada 

White 

164 

24.65 * 1.50 

Kentucky 

White 

217 

21.34 * 1.20 

Tennessee .... 

White 

40 

22. S3 *2.65 

Miss., La., Ark., Te.\as, Okla, . 

White 

16 

20.13 *4.62 

Md., D. C., Va., W. Va. . . . 

AtTiitc 

36 

15.00 * 1.65 

N.C., S.C.. Ga., Fla., Ala. . . . 

Wiite 

19 

11. S2 * 1.S4 

Central Europe and Great Britain 

White 

175 

20.00 * 1.21 

Ireland 

White 

39 

21.96 * 2.74 

Eastern Europe 

White 

51 

19.44 * 1.69 

Mediterranean countries 

White 

50 

11.74 * 1.03 

Ohio 

Black 

16S 

16. S4 * 1.6-4 

Other Northern States 

Black 

41 

11.50 * 1.01 

Kentucky .... 

Bl.ack 

29S 

11.21 * 0.45 

Tennessee 

Black 

SS 

10.10 * 0,85 

Miss., La., Ark., Te.xas, Okla. 

Block 

37 

12.24 * 1.01 

Md., D. C., Va., tV.Va. , . 

Black 

S6 

10 91 * 0.72 

North and South Carolina 

Bhack 

117 

9.40 * 0.48 

Alabama ... 

Black 

177 

9.09 * 0.40 

Georgia 

Black 

204 

9.37 * 0.41 


* Taken from 2955 records of patients dying .nt the H.-iniilton County Tubcrcn 
losis Sanatorium. 


It will be noted from Fig. 4 that tlie Southcrn-ltorn negro })atien_ts 
exhibit always a shorter duration of the disease than do the Ohio 
whites. To "investigate tliis point more thoroughly, cases were 
grouped on the basis of place of birth, color and duration of disease. 
Tlic mean duration, in months, of the disease in the different groups 
is shown in Table 2. Here, again, certain facts stand out. i he 
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disease in negroes everjovliere shows a significantly shorter course 
than is seen in white patients from the same region. For both 
negro and white patients, who contract the disease and die in 
Cincinnati, there is a strong tendency for the duration to be shorter 
the farther south the birthplace of the patient. Thus for negroes, 
those born in Alabama succumb most rapidly, those from Georgia 
next, then the Carolinas, Tennessee, the Virginias and Maryland, 
Kentucky and, finally, those born in Ohio. The Ohio-born group 
lasts almost twice as long as do the native Alabamans. Data for 
white patients show much the same picture, although fewer cases 
were available. Ohio-born whites, however, last almost twice as 
long as do those from the Carolinas, Georgia, Florida and Alabama. 
The differences between white natives from Ohio, Kentucky and 
Tennessee are not of importance. 

One group shown in the table deserves special mention. Migrants, 
both white and black, born in the South from Mississippi w^estward 
seem to show a much greater resistance to tuberculosis than do 
Southerners from the more eastern Gulf States. In them the dura- 
tion of the disease is not far below that shown by natives of Ohio. 
This fits in with the fall in both colored and white state tuberculosis 
death rates from the Mississippi River westward (Fig. 1 and Table 1) . 
Just what relation this greater resistance to the ravages of tuber- 
culosis in the lower plains states bears to the storm stimulation 
they receive is a question demanding further study. The great 
bodily vigor in this region is quite as evident in animal life as in 
man, however, for here cattle and hogs thrive almost as well as in 
the North, quite in contrast to the other southern states. 

Of still further interest is the way the data on European migrants 
bear out the findings of the American-born patients. The patients 
who were born in the British Isles and Central Europe showed a 
survival time close to that of the Ohio-born. With a birthplace 
farther eastward, in Russia, Poland, Roumania and Finland, the 
patients were slightly less resistant, fitting in with the lessened 
climatic vigor of their native land.' But most striking is the dura- 
tion of only 11.7 months for patients from the Mediterranean coun- 
tries, a figure almost identical with that found for white migrants 
from our southeastern states. These differences between migrants 
from the British Isles and Central Europe and from the INIediter- 
ranean countries cannot but be of significance, since they coincide 
so closely with differences observed in American-born 'migrants. 
The conclusion would seem justified that ability to withstand the 
spread of tuberculosis infection is in some manner related to climatic 
vigor, quite independent of race or nationality. From other recent 
studies it would seem most likely that the basic factor at play is 
the energy level, which in turn is definitely dependent on the degree 
of climatic drive imposed on the population, especially througliout 
childliood and adolescence. 
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Just one furtlier point must be included in tins article. It bears 
on the eoneJusions given in the last preceding paragraph, ll’lien vc 
speak of racial susceptibility to tuberculosis, we commonly think 
of the negro_ as having the least resistance to the disease. Mor- 
tality statistics, however, show that American residents of another 
race have over twice the tuberculosis death rate e.xliibited by the 
negroes. The Chinese in this country, as shown in Table 3, have 
the highest rate of all groups listed. Although tuberculosis in 
China is a serious disease, it does not there run such a rapidly fatal 
course as we see in the negroes of our northern states. China is a 
. land of stable climate, with even fewer storms than our eastern 
Gulf -States have, so perhaps it is to be expected that they pay a 
heavy price for migi-ation into our stormy northern area. The 
mental remark of many readers to this mention of the Chinese Avill 
doubtless be that their habits of living account for their high rate; 
but they fit too well into the genera! disease ])icture for such a 
simple explapation to suffice. 


Table 3.— Deaths FROsr Tubebcelosis (All Forms) b\' Race, ih U. S. A. ter 
100,000 Esti.mated Population. 



Negroes. 

Imlinns. 

Cliinc.sc. 

Jiipuiicse. 

1920 

, . 239.0 

391.6 

526.3 

221.4 

1929 ... 

185.7 

331. S 

35S.6 

152.0 

Percentage reduction 
9-year period 

over 

. . 22.3 

15.3 

31.9 

31.3 


One often hears the remark that the high tuberculosis death rate 
among the Indians is probably due to the relative newness of the 
disease with them, and that perhaps somewhat the same situation 
holds for the negroes. But here are the Chinese in this country 
with the highest rate of all, ei'en though in their own country 
tuberculosis has long formed no mean problem. It would be well 
worth while to look further into the tuberculosis situation among 
Indians under different climatic conditions to see if they too show 
the same relationship to climatic stimulation as do the black and 
white races. 

General Summary. Certain facts stand out from the data avail- 
able on tuberculosis. Although the disease is more prevalent and 
causes more deaths in the cooler more stormy regions, still we 
find among such populations the highest resistance to its jirogress. 
The mean duration of the disease among Ohio-born whites was 
found to be 22.27 months, while Soutliern-born whites lasted only 
11.82 months. Ohio-born negroes lasted 16.S4 months, but Ala- 
bama-born negroes only 9.09 months. Likewise among European 
migrants, those from (^entral Eurojje lasted 20.6 months, but those 
from IMeditcrranean countries only 11.74 months. These differ- 
ences in ability to withstand the progress of tlm disease are loo great 
to be of chance occurrence. They also are significantly related to 
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tiie level of climatic stimulation, for the Mediterranean countries 
of Europe are quite similar to our Gulf States in this respect, and 
Central Europe only slightly below our northern storm belt. It is 
also of significance that people from the only part of the South 
which receives a fair number of storms— westw'ard from the Missis- 
sippi River— should show a resistance to tuberculosis almost as 
great as that of Northerners. 

It should be remembered that the data presented in this paper 
are based on case histories of patients that died of tuberculosis. 
Could it have been possible to include data as to the duration of 
the disease in patients yet living, the difference between the North- 
ern and Southern born would most probably have been even greater. 
Anatomic evidence has also recently been set forth^ to show a more 
chronic course of the disease in the Northerner, either white or 
black, with better tissue response to the infection. All factors con- 
sidered, resistance to tuberculosis does seem to be closely related to 
metabolic level, this in turn being determined by the intensity of 
climatic stimulation. 

In practically all tropical and subtropical regions where tuber- 
culosis has been studied, the natives have been found to possess 
very little resistance to the disease. In adults it usually pursues 
a rapid course and is of the childhood type. Opie'* emphasized this 
point for Jamaica negroes, contrasting a duration for the disease 
in them of about 9 months with one of 2S months among Phila- 
delphia white patients. Colored troops from Africa, imported into 
Europe during the AVorld War, shoAVed an amazing lack of resistance 
to tuberculosis, for in them it became an acute infection. The 
longest duration of symptoms seen was only 3 months.-'’ Num- 
erous references^ have been made to this extremely low resistance 
of tropical natives, and much speculation has taken place as to the 
reasons for it. In A’iew of the findings reported on the preAuous 
‘ pages, it would seem that the low metabolic and energy level of 
these people may well be the chief reason for their lack of resistance. 
Broadening the study to include other infectious diseases will prob- 
ably clinch the point, for if people in regions of stagnant heat show 
a lessened ability to combat all other infections, then we must 
accept this as the basis for differences in tuberculosis. 

In a very large number of the case histories investigated in this 
study, the onset of symptoms dated sharply from attacks of acute 
respiratory infection. This, together with the fact that the curve 
of onset frequency for tuberculosis is similar to that for other respira- 
tory infections, would seem to Jink them closely together. In Anew 
of this it Avould seem advisable that particular care be exercised in 
tuberculosis hospitals and sanatoria to aA'oid all forms of respiratory 
infection. From our present-day knoAvledge, this Avould seem to 
mean the avoidance of our seA'ere storm fluctuations in atmospheric 
conditions during the more changeable months, particularly those 
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of the spring. Likewise the more rajiid course of the disease from 
an onset in the mid-.summer lieat indicates tlie advisability of pro- 
tecting patients who already have the disease from the debilitating 
effects of summer heat waves. In other words, the indication 
seems plain that, for most efficient care' of tuberculosis patients, 
hospitals and sanitoria should be conditioned for year-round control 
of their indoor atmosphere. 

One more point should be stressed in this paper. Too great 
emphasis cannot be placed on the dangers encountered by people 
who migrate from regions of low climatic vigor into our nortliern 
storm belt where climatic stimulation is probably the most intense 
to be found anjnvhere on earth. In a recent paper® there was 
stressed the increased frequency of metabolic and nervous break- 
down that accompanies such migration, as well as the greater 
severity and earlier deatli from arteriosclerosis among these people. 
The present findings in regard to tuberculosis only emphasize further 
the hazards of such migration. Tuberculosis among Southerners, 
both white and black, in their home states along the Gulf is not 
nearly such a problem as it is among those who have migrated 
northward. No doubt similar findings would be made for all other 
forms of respiratory disease if statistics were available. 

The findings here presented for tuberculosis, added to those for 
the degenerative diseases, point out the public and personal health 
dangers of undirected migration. The time cannot be very far 
distant when the Federal Government will e.xercise a close super- 
vision over population movements within, as well as into, the 
country for both health and economic reasons. 

The statistics here presented seem to indicate clearly a marked 
difference in both whites and blacks in regard to resistance against 
tuberculous invasion. Energizing climates seem to instill into 
people an increased ability to fight the infection; but, if such climates 
are energizing because of wide storm fluctuations, the frequency ol 
infection will be greater. Whether eventual stabilization will take 
place in stormy areas at a sufficient!,!' high le\'el of resistance to 
reduce the disease incidence remains to be seen. The constant!,!' 
declining tuberculosis death rate should not be viewed too hopefull,v 
in this respect, since it may largely be due to improved care and 
personal lyvgiene of individuals rather than to mass changes in 
resistance. 
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OBTAINING PERMISSIONS FOR AUTOPSIES. 


By Margaret Warwick, llI.D., 

PATHOLOGIST TO THK MILLARD FILLMORE HOSPITAL, 

BUFFALO, N. Y. 

The medical profession of this country recognizes the fact that 
autopsies are of the greatest importance and that medical knowledge 
cannot progress in a satisfactory manner without them. But the 
obtaining of permission from the nearest relatives is often a difficult 
problem, especially in a small hospital which admits all sorts of 
cases, both private and charity, and including numerous accident 
victims. In such a hospital tlie request must usually be made by 
the resident staff since they are on duty for the 24 hours of the day, 
and since they may be the only physicians to come in contact with 
the family of the patient before death. 

At the Millard Fillmore Hospital the interns are prepared for 
this duty, when they first enter the institution, by impressing upon 
them the importance of autopsies and explaining how valuable 
such examinations will be to them; in short, by selling them the idea. 
Then they are coached in the technique of asking for permission and 
of convincing the relatives of its importance and the necessity for 
it. They are required to make the request of the relatives of every 
patient who dies in the hospital and, following each interview, they 
must fill out the blanks in a report such as is shown in Table 1, and 
deliver it to the pathologist within 24 hours. It is natural for a man 
to perform a duty in a more conscientious manner when he must 
report it in writing and when it may affect his standing in the hos- 
I)ital and in the eyes of his superiors. This report serves as a check 
on the energy and effort of the intern; it explains to the pathol- 
ogist why autopsies were not permitted in some cases; it shows how 
various factors affect the permissions or refusals of autopsies; and 
it gives the hospital knowledge of help or interference by its 
personnel or by outside persons. 

When 310 of these consecutive reports had accumulated, they 
were analyzed for the purpose of getting information which might 
be of value in obtaining more autopsies. Only adult deaths were 
considered, for in this hospital the only children are newborn infants 
who present a very difl’erent problem. In this group of 310 deaths 
there were 180 refusals and 130 permissions, giving an autopsy 
percentage of 42. But, as shown in Table 2, in 30 of those where 
no autopsy was performed it was impossible to get in contact with 
the relatives and so no request could be made. If these 30 were 
removed from the series, there would be only 280 where a request 
was actually made and the percentage would then be 46 for the 
adult deaths. 
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Table 1. — Intebn's Repout ox Ixtebview to Obtaix Autopst. 

Patient’s Name A jw 

Room No Religion Nationality Case No 

ScrA'ico; i. c. — Med., Surg., or Obstetrical 

Is this a Coroner’s Case? Attending M.D. 

Working Diagnosis 


Operation: If any. 

Immediate Cause of Death 

Member of Family Intermewed 

What Members of the Family were Present? 


Was Autopsy Permission Granted?- ! 

To which particular argument do j’ou attribute your success in obtaining the Autopsy? 


MTiat reasons did the Familj’' give for denjdng the Autopsy?. 


Was this a patient on j'our regular scnice? 

Did any outside person interfere? Who? 

Did any outside person help get the Autopsy? Who? 

Did you get help or interference from the Staff Doctor who attended the Patient'/ 

Date Intern 

Note. — A complete report must be made to the Pathologist on each death within 
24 hours after the interview. 

The reasons for refusal by the relatives in 150 cases are shown in 
Table 2, and include the several reasons sometimes given by one 
family. Altogether 94 (63%) refused for sentimental reasons, or a 
general dislike of the idea. But in 26 someone else interfered when 
the nearest relative seemed willing to have the examination, and in 
9 more the relatives feared the displeasure of absent members of 
the family. In 21 the family felt satisfied that they knew the cause 
of death and the disease conditions present. This should warn the 
attending physician against e.xplaining the disease to tlie family in 
too great detail and with too great certainty. He must know hoW' 
uncertain clinical symptoms sometimes ])rove to be and what unex- 
pected lesions often appear at the autopsy. In 8 the patients them- 
selves had expressed their disapproval of autopsies. In 4 the request 
was refused by relatives ivho had seen or heard about autopsies 
when they worked in hospitals and undertakers’ establishments. 
In 2 more the family Avere dissatisfied Avith former auto])sies Avherc 
the incision Avas much more extensiA'e than promised to them. This 
emphasizes the fact that autopsies should alwap he performed in as 
dignified and unobjectionable a manner as possible so that the entire 
personnel of the hospital, including the physicians and nurses, do not 
dcA'clop a great distaste of them. It also point.s out that if ])romi5es 
are not kejjt, it will result in less autopsies in the future. The sene.s 
of 310 deaths included 4 Jews only, and 2 of these used their religion 
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as a basis for tlieir refusal. One man offered to allow an autopsy 
if the hospital would waive iiayment of the bill for his wife’s care. 

Tauli; 2.— Reasons for Failing to Obtain Autopsies in ISO Cases. 

j’er cent. 

A. Relatives not interviewed 30 16.0 


B. 


Could not be located ... 12 

Too ill or shocked .... 8 

Escaped interview .... 7 

Prevented by physician . . 3 

Reasons for refusal in 150 requests for autopsies. 

No reason given 47 

Interference from others 26 


Per cent. 

40.0 

26.0 
23.3 
10.0 


Know too much about autopsies 

Worked in hospitals 
Worked for undertakers 
Would do patient no good 
Former autopsies unsatisfactory 


Per cent. 
1.3 
1.3 


Mutilation of body ... 2 

No help in insurance . . 1 

Jewish religion 

Wished cancellation of hospital bill 


Per cent. 
1.3 
0.6 


30.1 

17.3 




Per cent. 



Family 

16 

10.6 



Staff man 

5 

3.3 



Undertaker 

2 

1.3 



Laivyer 

1 

0.6 



Priest 

1 

0.6 



Feared displeasure of rest of family . 


31 

20.6 

Patient had disapproved of autopsies 


S 

5.3 

Did not care what caused death 



7 

4.6 

Patient had suffered enough . 



5 

3.3 


2.6 


2.6 

2.0 


1.3 

0.0 


On looking over these refusals, it becomes apparent that the only 
way to overcome this attitude of sentimental objection seems to be 
the education of the laity and this can be accomplished only by 
constant, sustained effort on the part of the medical profession and 
their associates. Also the young physicians can be trained in the 
best manner of making the requests and in arguments which may 
overcome the sentimental distaste. As the number of autopsies 
increase, they will be accepted more and more as the proper and 
expected thing to do. 

The reasons for allowing autopsies to be done in 130 cases are 
shoMii in Table 3. On studying these, it is apparent that in the 
great majority of them (101 or 78%) the relatives consented because 
they felt that tlie examination would be of benefit to them. They 
really wanted to know just what familial diseases might be there to 
menace them and they wanted to collect insurance or compensation, 
or they thought that the case might come into court where an 
autopsy is often necessary. Therefore it seems best to prepare all 
arguments with this in mind and to present the question to the 
family as if it were a great benefit to them, as indeed it is, something 
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for which they do not ha^'e to pay, an exiiensive examination which 
may be theirs for saying the Avord. It should be offered as a jirivilege 
to them, not as a favor to the hospital or the physicians. Each 
request should be prefaced by "Wouldn’t you like to know?" and 
ended by a promise to give tlie family the findings in either a per- 
sonal interview or by a letter RTitten in simple non-medical words. 
It should be pointed out that the examination cannot possibly harm 
or bother the patient but yet can be of much benefit to the survivors. 
Also a sympathetic attitude should be maintained during the inter- 
view and unpleasant ivords avoided. The e.xpression "operate 
after death” usually gives no ofi'ense. 

Table 3. — Reasons fob 130 Pebmissions fob Autofsies. 


Number. Per cent. 

To obtain accurate knowledge of cause of death ... 60 40.1 

AVish to give help in treating others 39 30.0 

To obtain help in collecting insurance 21 IC.l 

To determine what diseases were in the family ... IS 13. S 

Granted without any particular argument .... 14 10.7 

To please the attending physician 4 3,1 

Because of being an unusual case 4 3.1 

Because patient approved of autopsies 2 1.5 

To avoid calling the coroner 2 1.5 


Thirty-ni’ne, however, permitted the examination in the hope 
that it might be of benefit in improving the treatment for others. 
So the unselfish argument may work when recital of the benefits 
to be attained, does not impresss the family. Fourteen assented 
without any particular argument. They seemed to consider that 
an autopsy should be done as a matter of course, as a natural 
sequence of death. Such an attitude is the result of education and 
of consideration of the subject during the years before the emergency 
of death overtook a member of the family. In 2 cases the jiatients 
themselves had expressed a wish to have an autopsy performed. 
Four consented to please the physicians ivho seemed to want one. 
The influence of the attending physician is great and no large number 
of autopsies can ever be obtained Avithout his cooperation and help. 
The resident staff should haA-^e, at all times, the backing of the 
attending staff in the form of influence and added arguments. In 
many instances a few v'ords from the physician even over the tele- 
phone, is sufficient to obtain permission. In this series of 130, the 
attending physician helped, materially, in 53. In 11 more, the 
autopsy was' obtained by other persons persuading the neare.st 
relatiA'e to consent. ScA-en of these Avere friends and 4 Avere members 
of the family by either blood or marriage. The coroner used a 
favorable influence tAvice and the undertaker, the special nurse, 
and a priest each once. In 4 cases, consent Avas given because an 
unusual case was recognized and in 2 cases an autopsy Avas ])ennittecl 
rather than have the coroner called. 

In this series of 310 reports of interviews, other factors which 
might haA-e a bearing upon either consent or refusal Averc studied in 
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detail. Sex made very little difference since there were only a very 
slightly higher percentage of permissions in males. The interns 
seemed to get just as many permissions on substitute services as on 
their own. The 130 permissions were divided equally between the 
ward and private patients, but two-thirds of the refusals were 
among the private patients and but one-third were in ward cases. 
So the private patient, with his supposedly greater intelligence and 
experience, is no more amenable to arguments and reasoning along 
this line than is the charity patient. 

' A slightly larger percentage of permissions were obtained in 
coroner’s cases than in others. This can be explained b5^ the possi- 
bility of legal action of some kind in a large number of accidental 
deaths. Slightly fewer permissions were obtained in cases which 
had been operated upon, probably because the operation usually 
had revealed the disease conditions present, and the family may 
feel that the physician had his chance at the operation and there is 
no need to examine the vital organs again. 

There seemed to be very little difference in the percentages of 
pennissions among the different services, with the exception of 
obstetrics. Here the husband seemed to realize that death had 
been caused by some sort of an accident and he gave permission , 
in the hope that help might be given to some other woman to whom 
a similar accident might happen in the future. The nationality 
made comparatively little difference with the exception of the Jews 
and the Poles. No autopsies were obtained in the 4 deaths of Jews 
and the great majority of the Polish patients refused to allow them. 
The Americans showed slightlj" more permissions than refusals. 

One would naturally think that better results could be obtained 
by interviewing the nearest relative alone, but such was not the 
case. Slightlj'’ better results were obtained when several members 
of the family were present, for, although there was some interfer- 
ence, in other cases help was given. Wives permitted a higher 
percentage of autopsies upon the bodies of their husbands than did 
husbands upon their wives. This may be explained by the fact 
that many wives consented in the hope of collecting insurance or 
compensation while the average husband could expect no monetary 
benefit. Also the average male is more predatory and would object 
to the supposed desecration of a body which had been imder his care 
and protection. This is borne out by sons giving more refusals than 
permissions. Sisters usually refused as did sons-in-law, but the 
latter felt that they did not have the real right of decision and they 
feared criticism from friends and other distant members of the 
family. Daughters, fathers and brothers showed slight differences 
but mothers gave a few more refusals than permissions. 

IMore refusals were encountered among the Catholics than the 
Protestants. This may be accounted for by the large number of 
comparatively ignorant foreign people among the Catholics of this 
city. Among the 122 Catholics interviewed, two-thirds refused 
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and only one-third gave ]>ennission. Among the 172 Protestants, 
slightly more than half (53%) refused while 47% consented. A 
comparison of the age groups showed little of interest until the 
ages of 70 to SO when there was 3% of refusals as compared to 14% 
of permissions indicating that there is less objection to liaving autop- 
sies performed in older people. 

Sununary. 1. The majority of relath'es object to autopsies for 
sentimental reasons. 

2. The majority of relatives who permit autopsies do so because 
they feel that they, as a family, will benefit from them. 

3. All requests should be made of the relati^^es from the point 
of view that the family will derive the greatest amount of benefit 
from the autopsy. 

4. Autopsies can only be obtained by constant effort on the part 
of the medical profession. Physicians must first be convinced of 
the importance of the examination and then they must use every 
effort to persuade the relatives to consent to them, 

5. The resident staff can be trained in the technique of obtaining 
autopsies but they must always be able to depend on the attending 
staff for help and encouragement. 

6. Requiring an intern to write a report of every inter^'iew will 
have a good effect upon him and will bring out many interesting 
facts concerning the obtaining of autopsies, 

7. Ph 5 ’'sicians should not explain the cause of death with too 
much certainty to the family, as it may prevent autopsies, 

8. The pathologist should confine his examination to the limits 
promised to the family and he should make tlie e.vamination as’ 
little objectionable as possible to the spectators. 


THE EFFECT OF STANDAEDIZED EXERCISE ON THE FOUR- 
LEAD ELECTROCARDIOGRAM. 

Its Value in the Study of Coronary Disease.* 

By Lours N. ILvtz, M.D., 

PHYSIOLOGIST AND DIRECTOK OF C.KJtDtOVA6COLAIt RESEAnCH, JIICHAEL REESE 
hospital; assistant PROFESSOH of physiology, university of CHICAGO, 

AND 

Harry Landt, jM.D., 

research FEIjIaOW IN' THE CARDIOVA8CtJI*AR DEPARTAIENT, SIICHAEL REKSE HOSPITAL, 

CHICAGO, ILL. 

(From the Heart Station, Michael Reese Hospital.) 

The difiiculty of evaluating the condition of the coronary circu- 
lation from clinical data alone has been one of the reasons tliat 

* Aided by the Frederick K. Babson Fund for .Study of DiEO.asos of the Heart and 
CirculntioB. 
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efforts have been directed to utUize the electrocardiogram as a 
supplement. Recent studies of the 4-lead electrocardiogram have 
shown the merit of this approach'; the present report deals with the 
possibility of using an exercise test as a further adjunct in such 
examinations. 

It has been shown that changes in the electrocardiogram similar 
to those described in spontaneous attacks of angina pectoris^"® can 
be elicited in an attack induced by exercise.®'^'’®'® These observers 
found, however, that the electrocardiographic changes were not 
always present when the anginal attack appeared, that they some- 
times occurred when the anginal symptoms were absent, that no 
quantitative relationship existed between the electrocardiographic 
changes and the anginal attack, and that the electrocardiographic 
changes did not coincide in time with the anginal attack. 

It seemed to us that perhaps a better correlation might be obtained 
if the exercise were standardized and if 4 leads instead of 3 were 
employed, particularly since recent work'’'®7''' has shown that 
Lead IV (or Lead V) enhances the value of the electrocardiogram 
in coronary disease. 

After preliminary trials, we decided to use an exercise which the 
patient could perform while lying in bed. The exercise consisted 
of raising a 3-pound dumbbell in each hand by extending the arms 
fully at right angles to the trunk a total of 60 times in 3 minutes. 
A 4-lead control record Avas taken in each instance before the exer- 
cise, another set was taken immediately after the exercise and a 
third set about 7 minutes later. Lead V aars found to be more 
suitable than Lead R'" for this test and was used throughout. This 
exercise test was carried out in 20 patients from the Adult Cardiac 
Clinic haAung a history of angina pectoris on effort. The effect of 
the test on the 4-lead electrocardiogram and on the development of 
angina Avas correlated with the appearance of the electrocardiogram 
at rest. 

The results are shoAvn in Table 1. It was found that this exercise 
led to an angina attack in 13 of these patients. The other 7, vRile 
complaining of fatigue in the arras from the effort, did not deA’^elop 
any anginal symptoms. The anginal attacks AAdiich occurred were 
mild, resembling the onset of spontaneous attacks. This is no 
doubt due to the fact that the amount of effort is limited by the 
development of fatigue in the arms. 

The effect of the exercise on the electrocardiogram of patients 
as far as the standard 3 leads are concerned is in accord AA'ith preAuous 
work. We found that there is no parallelism betAveen the dcA^elop- 
ment of anginal pain and electrocardiographic changes, sometimes 
one or the other is absent, sometimes both are absent, sometimes 
both are present. The addition of the fourth lead aaus found to be 
of value in at least 2 patients where the changes folloAving exercise 
Avere limited to tliis lead alone (Table 2). In many of the other 
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Table 1.— Synopsis of Results. 


^ Appearance of control electrocardiogram, 

c 

Changes in electrocardiogram 
after exercise. 

j Le.adB I, II and III. Lc.ad IV (V). 

Leads I, 11, III. Lead 1V(V). 


Angina Did Kci Dct^Iop After Exercise. 


1 i Normal; left a.vis shift 

j Normal None 

j None. 

2 ! Normal; left axis shift, Tj — 

1 Normal j None 

! None. 

3 i Abnormal; L.V.P., Q-R-S slurred, 
j Ion- “voltage” 

Normal 1 None 

1 _ ; 

None. 

4 1 Abnormal; left axis shift, Q-R-S 
j slurred, Oj present 

i Nomml , None 

i 

i . . 

T smaller; 
S-T+. 

5 

Normal; Tj— , left axis shift 

1 Normal ; Tismall- 

1 1 cr 

T sm.aller, 
S-T+. 

6 

Abnormal; L.V.P., slurred, 

T small and — , S-Ti— , S-TsA 

AbiioTotal; Q-R-S small , T more + or be- 
1 c.ame +, S-Ti 

1 ! more — , S-P:— , 

1 i S-Tt isoelectric 

< T deeper. 

7 1 

Abnormal; Q-R-S slurred, T—, 
S-Tt-, S-ra+ 

Abnormal ;<?-P-iS main- Q-R-Si sniallcr, Q- 
; ly up, S-T — l R-Ss taller, S-Tt 

1 niore — , S-Tt 

1 1 more -h 

S-T less 

T deeper. 


Angiiia Did Develop After Exercise, 


8 : 

Normal ' Normal 

1 None 

9 

[Abnormal; Qt present, Tt~, Q-, Normal 

1 R-S slurred [ 

j5-Ps- 

None. 

10 

1 Abnormal: L.V.P., Pi— , S-Ti-,: Abnormal; Q-E-S Ist 
j S-Pj-t-, Q-R-S slurred phase up, S-T — 

j None 

1 

! None. 

11 ! 

Abnormal; Q-K-S slurred, L.V.P., Normal 
low "voltage" i 

None 

None. 

12 , 

Abnormal; L.V.P., Q-R-S slurred. Abnormal; Q-R-S up 

Pj inverted j 

None 

None. 

13 ' 

I 

Abnormal; L.V.P., Q-R-S slurred ^ Abnormal; Q-R-S in- 1 

verted 

S-T-.-, Pa smaller 

None. 

14 

Abnormal ;L.V.P.,fJ-P-S slurred, AbnormaI:f?-if-5main-j S-Pi.s more 
S-Pa-j- ly up, 5-2' negative i 5-2 a less + 

P very deep. 

15 

i Abnormal; L.V.P.,(?-2?-5 slurred. Abnormal; Q-R-S up! 
low “voltage,” 5 -P 3 + “ud small, P small I 

S-Tt.i- 

P deeper. 

16 

Abnormal; Q-R-S diphasic and ' Abnormal;(?-P-5 small, 
slurred T+ ! 

None 

P lc.«.s -h. 

17 

Abnormal; Q-R-S slurred, left Normal 
axis shift, Pj — 

taller, Tj deep- 
er, 5 -Ti,2 — 

P deeper. 

IS 

; Abnormal; L.V.P., Q-R-S slurred. Normal 
j T email, T*i,3 S-Ti~~, S-TzA" 

P:-f, Pi more +. 
5-2'i more — , 
S-Tt more + 

T deeper, 
5-P-1-. 

19 

Abnormal; L.V.P.,(?-P-5Elurred, Abnormal; <?-/f-5 up ■ 

' 5-Pi,s-. S-Pi+ 1 

ri— , S-Tj isoclcv - , 
trie, 5-7 ’j, 5 more 

T deeper. 

20 

Abnormal; Q-R-Si email and di- Normal 

1 phasic, 5-7’!, 3 -. Q-R-S slurred 

T smaller, Q-R-Si 
inverte<l, 5-7’:,j , 
more inverted 

T smaller, 
5-7' -r. 


L.V.P. = Left Ventricular Preponderance; - = negative; + - positive. 
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records the magnitude of the change in the fourth lead was of great 
value in confirming the impression that the exercise had caused 
electrocardiographic alterations. Nevertheless it must be pointed 
out that even Avhen the 4 leads were used, exercise on occasion had 
no demonstrable action on the electrocardiogram. The deductions 
obtained from 3 leads still hold when 4 leads are used but the 
number of negative responses is reduced (Tables 2 and 3). 


Table 2. — Summahy Showing Leads of ELECTnocAHDioGHAMS in Which 

Changes Occurred. 



1 

j Electrocardiogram changed after 
exercise in: 

1 

i 

Electrocardiogram in control. 


1 

i 

Only 
Leads I, 
II, III. 

Only 
Lead IV 
(V). 


1 

Abnormal in I 

Normal 
in all 
leads. 


All 4 ] 
! leads. 1 

1 

None. 

1 

j 

All 

leads. ! 

Only 
Leads I, 
II, III. 

Only 
Lead IV 
(V). 

Patients developed an- 
gina after o.xercise 

G 

( 

j 

i 2 

1 


■ 

5 

0 i 

1 

1 

Patients not having 
angina after exercise 

1 

3 

1 

1 0 

1 . 

■ 

3 

1 

2 i 

2 1 

1 

! 

0 1 

! 

3 

All patients tested 

9 

l_ , 

^ 2 

2 

1 7 1 

I J 

9 

7 

0 

1 

4 


The changes in the ordinary 3 leads following exercise (Table 1 
and Fig. 1) were: (1) An axis shift to the right in a few instances; 
(2) a change in the T wave in a direction opposite to the major 
Q-R~S deflections; and (3) most striking, a tendency of the S-T 
segment to shift in a downward direction, viz., a positive S-T seg- 
ment became less positive, isoelectric or even negative, an iso- 
electric S-T segment became negative and a negative S-T segment 
became more negative. However, in 1 or 2 instances the S-T seg- 
ment in Lead III shifted in the opposite direction when the Q-R-S 
was down and deep in this lead. 

The changes in Lead IV (or V) (Table 1 and Fig. 1) were char- 
acteristic when they occurred. They consisted of a shift in the 
S-T segment upward so that at times the S-T segment became 
positive. The T wave usually became deeper (or a positive T wave 
less positive); however, in a few instances the T wave became 
smaller. In all instances where a change occurred, the most sig- 
nificant alteration was a positive angular movement of the S-T 
segment, making the angle between the S-T segment and the 
descending, limb of the T wave more acute. This is clearly to be 
seen in Fig. 1. ' 
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The majority of the patients had abnormal electrocardiograms 
of varying degrees (Tables 1 and 2). Only 4 had 4-lead electro- 
cardiograms within normal limits. Lead IV was never found to 

I II III IV 


A 


B 


Fig. 1. — Segments of four-lead electrocardiogram, sho'n-ing effect of exercise 
test on records in Patient 20. A is control before e.xercise; B, after S-minute 
exercise. 



Table 3.— Summary Correlating (1) Occurrence of Angina After Exercise, 
(2) Appearance of the Control Electrocardiogram and (3) Occurrence 
OF Changes in the Electrocardiogram After Exercise, 


Patients developing ] Patients not iiaving 
angina after c.xcrcise. angina after exercise. I 


All patients tested. 


4-lead elcctrocardio - 1 4-lead electrocardio- 1 4-lead clectrocardio- 
I gram. | gram. , gram. 


, Normal. 'Vi’X' j N'”'"''''- 

1 

Abnor* 

inn!. 

t 1 

4-lead electrocardiogram 
shows changes after exer- 
cise '0 9 1 

i i 

! : 

i 3 , 1 

12 

4-lead electrocardiogram , * 

docs not show changes 

after exercise . . . ^ 1 3.2 

1 

1 j 

1 

3 

4 


be abnormal when the other 3 leads were normal, but the reverse 
was true in many patients (Table 2) . The appearance of the 4-lead 
electrocardiogram in patients with coronary disease is discussed in 
more detail in another communication where a larger scries vere 
studied.^ 
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An anabasis of the correlated data as assembled in Tables 2 and 3 
leads to the following tentative conclusions: 

The appearance of the 4-lead electrocardiogram taken at rest, 
the effect of a standardized exercise on the 4-lead electrocardiogram 
and the effect of such an exercise in producing anginal attacks 
are to be regarded as a triad which together augment the knowl- 
edge of the condition of the coronary circulation, obtained from 
clinical examination alone. The fact that a positive findings by 
one of these three criteria can occur with negative findings by the 
other two shows the value of relying on a combination of all three, 
rather than on any one of them alone. There can be no doubt that 
the fourth lead is a valuable addition to the other leads in carrying 
out this analysis. This deduction is to be considered no more than 
a preliminary approach, since the tests have been used in too few 
patients to warrant final deductions. This study has, however, 
pointed to the need of expanding the study to a larger group of 
patients. 

One precaution is essential, as our preliminary tests showed, 
namely, to stop the exercise when generalized fatigue, dyspnea, 
cyanosis or anginal pain appeared before the 3 minutes were up. 

Summary. The use of the effect of exercise on the 4-lead 
electrocardiogram was found to be a valuable adjunct in estimating 
the status of the coronary circulation. The routine use of some such 
simple exercise test may be found to be of value in judging a 
patient’s response to effort. 
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THE EFFECT OP SCARLET FEVER UPON THE HEART.* 
By Jajies M. Faulkner, M.D., 
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(From the South Department, Thorndike Memorial Laboratory, Second and Fourth 
Medical Services (Harvard) , Boston City Hospital and the Department of 
Medicine, Harvard Sledica! School.) 

Although it is often stated that scarlet fever is a potential cause 
of heart disease, existing clinical descriptions of so-called "scarla- 
tinal endocarditis” are far from agreement. It was in the hope of 
defining the condition more clearly that this studj’’ was undertaken. 

The importance of the problem is attested by reports from various 
quarters of the incidence of endocarditis in scarlet fever,'-^'®''* Some 
of these are briefly summarized in the table. While such statistics 
are of considerable interest, the diagnosis of acute endocarditis in 
the presence of infection is fraught with such difficultj'- as to raise 
serious question as to their quantitative value. To meet such ob- 
jections the disease has been studied from two points of ■i'iew: first, 
from the electrocardiographic angle during the acute phase, an 
approach which has the advantage of complete objectivity; and 
second, from an estimation of the end results in the form of chronic 
valvular disease following upon scarlet fever. 

1. Electrocardiographic and Clinical Study During Course 
OP Disease. It was hoped that the electrocardiograph might 
afford some neiv evidence as to the type and perhaps the incidence 
of the cardiac involvement. The method had been employed by 
Shookhoff and Taran (1931) in .50 consecutive cases of scarlet fever 
They found no prolongation of the P~R interval but did observe in 
Leads I and II minor changes in the position of the Jl~ T or S- T inter- 
Y^al in 14% and “abnormalities in sliape and direction of the 7 -wave” 
in 10%. "All abnormalities occurred early in the course of the 
disease and disappeared earlj'^ in convalescence.” 

A group of 171 scarlet fever patients has been studied electro- 
cardiographically at the South Department of the Boston City 
Hospital. The cases were observed diwing the years 1932, 1933 and 
1934, a time when scarlet fever was relatively mild in character. 
There was no selection of cases except in favor of arthritis, all cases 

* This work was done under a grant from the David Bradford Osgood Fund. 
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of scarlatinal arthritis who came under observation during this 
period being included. 

Abnormal electrocardiograms were found in 11 cases, an incidence 
of 6%. These abnormalities consisted of prolongation of the P-R 
interval beyond 0.20 second in 5 cases and T-wave changes in 6 
cases. The IT-wave changes in Lead" I or II, or both, consisted of 
marked temporary diminution in amplitude in 2 cases, flattening 
in 1 case and inversion in 3 cases. In addition, 8 cases exhibited a 
P-R interval of exactly 0.20 second (a suggestive finding, at least, 
in the 5 cases who were less than 14 years of age). 

Arthritis. Included in this group were 29 cases of scarlatinal 
arthritis. Of these only 2 showed definite electrocardiographic 
changes and Z a, P-R interval of 0,20 second. 

Age. The ages of all those who developed abnormal records 
were between 4 and 16 years. Seventy-five per cent of the patients 
fell within this age period. 

Sex. Six of the cases showing abnormal electrocardiograms 
were males and 5 were females. 


Table 1. 


1 

Author. 

1 

Source. 

Number of cases j 

of scarlet fever. | 

Number of cases | 

of endocarditis, j 

A 

A.S 

1 e w 

1 

' 

' 

gi 1 

Uw 1 

u o 

£ , 

1 

t'.SS 

03 S 

t,*— 

1 og 

-s ^ 
5‘s 
z 

Percentage of cases 
of pericarditis. . 

McCollum' 

Boston City Hospital 

3,000 

10 

0.50 

18 

m 

Broadbent" 

Metropolitan Asylums’ Board 

22,090 

129 

0.5S 



Broadbent' 

London Fever Hospital j 

("period of 
5 years”) 


1.80 



Nobccourt’ 

French Army , 

278 

7 

2.50 

2 


Joe' 

Edinburgh City Hospital I 

24,102 

01* 

0.25* 

! 

01* 

i 



* Figures include both endocarditis and pericarditis. 


Severity. There appeared to be no relationship between the 
severity of the scarlet fever and the incidence or degree of electro- 
cardiographic abnormalities. 

Time of Onset. Perhaps the most interesting feature of the 
study was that no abnormality was found in any electrocardiogram 
taken before the 13th day of the disease (although 61 records were 
taken during the first 12 days) (Fig. 1). The majority of the 
abnormal records were grouped between the 18th and tlie 34th days. 
This delayed reaction is comparable to that seen in the cardiac 
involvement of diphtheria or the recrudescence of rheumatic fever 
following a respiratory infection. It is in contrast to the immediate 
electrocardiographic changes sometimes noted in very severe acute 
infections, such as lobar pneumonia. 
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Fever. The delayed appearance of the electrocardiogra])liic 
changes was associated with a recrudescence of fever in 5 cases. 
In 3 cases where the temperature curve was not complicated by 
secondary infection or possible serum reaction, the time from the 
onset of the scarlet fever to the onset of the secondary reaction was 
16, 24 and 29 days, respectively. Figure 2 illustrates this reaction 
and its relation to the electrocardiographic changes. In this in- 
stance, the secondary reaction was not accompanied by arthritis, 
the only clue to its real significance being furnished by the electro- 
cardiogram. 



Fig. 1. — Latent period between the subsidence of the acute scarlatinal infection 
and the appearance of a secondary rc.action charaeteri^iod by fever, tachycardia and 
prolongation of the P-E inten’al wthout, in this instance, any arthritis. 


Particular emphasis has been laid on the electrocardiographic 
findings on account of their objectivity but the clinictil et^idencc 
of cardiac involvement is nevertheless of some interest. 

There were 6 cases of old rheumatic heart disease. Of these 5 
showed no clinical or electrocardiographic signs of reactivation. 
The 6th case developed both clinical and clectrocardiograjihic 
signs of reactivation with a complicating pericarditis. 

There were 4 cases which developed clinical signs of endocarditis 
immediately following the scarlet fever. Of these cases 3 cxhibiterl 
both svstolic and diastolic murmurs at the apc.v, the 4th developed 
a verv harsh systolic murmur at the apc-x. One of them showed 
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enlargement of the transverse diameter of the heart by Roentgen 
ray measurement (cardio-thoracic ratio 59%). Another showed a 
distinct "mitral bulge” in the upper left border of the Roentgen 
ray silhouette of the heart. Of the 4, 2 had electrocardiographic 
evidence of involvement and 2 had none. 

Five cases who showed positive electrocardiograms had no clinical 
signs of cardiac involvement and 3 others showed onlj'^ systolic 
murmurs. 




tBmgnnmm taBi ata EisiBta aBEamgiEaEEDmmmgitaBiaaaatgani 

ioxinsiiODaiatncBBciiEcxnciiQQcuxaxsxtimixiiixxxanBtiixxxi^^ 

!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■»■■■■■■■ 

immmmmmmmmmmmmmmmmammammmmmmamammmtimmmmmmmM 

iiilfriiililBrififiSSHSSSSpSSSnSS 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■I 

!■■■■■■■■■■! 




BBaBaBBBBa 

IBBBBBBBBBB 
mnSBBBBBB 
IBBrBBBBBBB 
KmnMaaaaaa 

BBBBB^UUBji 

BBBBBBBBB 

BBBBBBBBB 

48S8SSBS 

■BBBBBB BBi 


8888888888888888888888S8BBBBBBBfl 
BBBBBBBBBBBBBBBBBBBBBBBBBpBBBflBB 
BBBBflBBBBBBBBBri.rBBBBBBBBBBBBBBB 
BflBaaBBBBaBBBanrir4BBBI*BPBBB>.BBBBB 

ilii!lSM4BWBBflBBBBB44BBBBBBBBBBBB 
BBBBBBBaBaBBBBaiBBBBBBBBBBBaBBBB 

K BBBBBBBBBBflBBBBBBBBBBBBBBBBflBB 
BBiBiBBBflfliBBiBBBBBBBBBBBBBBaB 
BBBflBBiBBBBiaBfliBBBBBBBBBBBBBBBB 

S bbbbbbbbbbbbbbbbbbBbbbbbbbbbbb 

BiiBBBBBflBBBBBBBBBBBBBBBBBBBBfl 
Imbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


Fig. 2.— Delay in appearance of electrocardiographic abnormalities follouing 
scarlet fever. The tendency for these abnormalities to disappear is also suggested. 
Of 61 records taken Ixitrveen the 2d and 12th day of the disease, inclusive, none was 
abnormal. Of 13S records taken between the 1.3th and 33d days, inclusive, 15 
wore abnormal. Of 70 records taken between the 34th and 75th days, inclusive, only 
3 wore abnormal. 


Set^enteen patients, who showed no electrocardiographic abnor- 
malities, developed systolic murmurs of differing grades of intensity 
most of them apical, but without other signs of valvular disease. 

2. Follow-up Study. Another approach to the problem of the 
role of scarlet fever in the production of heart disease is through a 
follow-up study of a large nmnber of cases. This was done on a 
very small scale in Nobecourt’s thorough investigation outlined in 
the table. He found that only 2 of the 7 soldiers who had “acute 
scarlatinal endocarditis” developed chronic endocarditis. 

The lu-csent report is based on a follow-up examination of GOO 
eases from 1 to 3 years after scarlet fever. The examinations were 
carried out in the years 1931 and 1932 on individuals who had 
previously been treated at the South Department of the Boston 
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City Hospital for scarlet fever. These people retm-jied to the hos- 
pital for examination in response to letters requesting them to do so. 
No selection of cases was made and the group appeared to be a 
representative cross-section of the patients who had passed through 
the scarlet fever wards during the period. 

All persons in whom there was either a doubtful or positive 
diagnosis of cardiac disease were examined by at least two of the 
authors and received electrocardiograms and Roentgen ray meas- 
urements of the heart. The results of the follow-up study were 
compared with the original hospital record in each instance. 

Of the 600 cases, only 7 had developed signs of chronic valvular 
disease during the interval. In 2 cases the signs of endocarditis had 
developed in the hospital before discharge from quarantine. In a 
third a typical attack of rheumatic fever had followed immediately 
after his discharge from the ward. Another had suffered from *3 
attacks of rheumatic fever during the interval between the scarlet 
fever and the follow-up examination. .In the remaining 3 cases, 
the physical signs of valvular disease were found without any inter- 
cedent history of rheumatic fever or chorea. 

Of these individuals, 6 were girls and 1 a boy. Their ages were 
from 3 to 11 years, with an average of 5.6 years. Three of the cases 
had been classified as mild scarlet fever, 3 as moderately severe, 
and 1 as severe. With 1 exception (a case complicated by mastoiditis 
and operation) the patients were in the hospital the usual length 
of time (from 28 to 47 daj''s). E.xcept for the case of mastoiditis 
just' mentioned there were no other important complications in 
the group who developed heart disease. TJiere was no arthritis or 
nephritis in this group. Only 1 case exliibited a rise in temperature 
after the initial pjTexia had subsided and this was 1 of the 2 cases 
in which the diagnosis of acute endocarditis was made. 

The type of heart lesion was indistinguishable clinically from 
“rheumatic” heart disease. Four of the patients had the characteris- 
tic auscultatory signs of mitral stenosis and regurgitation. Another 
had these signs and also those of aortic regurgitation; 1 had 
signs of aortic regurgitation alone and 1 of mitral regurgitation 
alone. It may be pointed out that the occurrence of heart disease 
in the group under consideration was far greater than would be 
expected in an unselected group of Boston school children of the 
same age and social status observed for a like period.® 

All but one showed Roentgen ray evidence of heart disease. The 
only electrocardiographic abnormalities found on the follow-iip 
examination were right axis deviation in 2 cases, tlm slurring of 
the Q-H-S complexes in all leads with a Q-S interval of 0.10 second 
in 1 case. 

Hector' found that “The almost invariable result of scarlet 
fever upon the heart already damaged by rheumatism is a rekindling 
of the old trouble which in some cases had been quiescent for a 
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considerable period.” This lias not been our experience. In the 
follow-up series 4 instances were encountered in which rheumatic 
heart disease preceded the attack of scarlet fever. In 1 of these a 
recrudescence of rheumatic fever appeared immediately after dis- 
charge from the hospital. In none of this small group, however, did 
the follow-up examination indicate that the cardiac status had been 
significantly altered by the scarlet fever. 

Discussion. All the findings in the acute and late phases of car- 
diac involvement in scarlet fever are analogous to the changes seen 
in rheumatic fever following acute tonsillitis. The importance of 
hemolytic streptococcus infections of the upper respiratory tract 
in precipitating rheumatic fever is well recognized. In both con- 
ditions there is often a well defined latent period of several weeks 
between the respiratory infection and the secondary constitutional 
reaction. In both, similar electrocardiographic signs of cardiac 
involvement may appear following a latent period. In both, endo- 
carditis may occur with or without an acute migratory arthritis. 

The arthritic manifestations in scarlatinal and rheumatic arthritis 
are so similar that in individual cases the differential diagnosis 
would be impossible without the history. However, if a large group 
of cases of scarlatinal arthritis is studied, certain differences from 
typical rheumatic fever stand out. These differences consist of a 
relatively greater incidence of involvement of the small joints in 
the case of scarlet fever, with a generally milder course and less 
effusion into the joints. Also our figures, showing abnormal elec- 
trocardiograms in only 2 cases out of 29 of scarlatinal arthritis, are 
not as high as one would expect in rheumatic fever. On the other 
hand, there are plausible explanations for these discrepancies. 
The comparative youth of the scarlatinal patient would tend to 
mitigate the severity of the arthritis if it is of the type associated 
with rheumatic fever. (The average age of the 600 scarlet fever 
patients in the follow-up study was only 6.3 years.) It has been 
our experience, too, that electrocardiographic changes are less 
common in the younger patient with rheumatic fever. The striking 
similarity of the two conditions is obvious; the question of whether 
their differences are fundamental is doubtful. 

Of the valvular involvement resulting from scarlatinal endo- 
carditis one can only say that it is indistinguishable clinically from 
rheumatic endocarditis. The same may be said for the pericarditis 
associated with both conditions. The fact that scarlet fever caused 
a reactivation of infection in patients with rheumatic heart disease 
in only a minority of cases is only in keeping with the effects of 
other streptococcus infections of the respiratory tract in such cases. 
In hospitalized cases of rheumatic infection, streptococcus respira- 
tory infections were followed by recrudescence of rheumatic manifes- 
tations in only 50%. One would ex-pect the incidence to be less in 
cases of presumably inactive rheumatic heart disease. 
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Filially, it has been onr privi!ege'to[ol)ser\-e[in a recent’ease of post- 
scarlatinal endocarditis the appearance of typical rheumatic sub- 
cutaneous fibroid nodules. 

The similaritj^ and possibility of relationship between rheumatic 
and scarlatinal heart disease lias been commented upon by 
others. The evidence is now complete enough to indicate 
that they are probably identical. Interpreted in the light of vSwift’s 
allergic hypothesis, this means that a properly sensitized individual 
may respond to an infection with Streptococcus scarlatime by the 
allergic reaction known as rheumatic fever. There is no evidence 
that this reaction differs significantly from rlieumatic fever following 
other streptococcus infections of the upper respiratory tract. Such 
a concept explains, in part, the absence of Aschoff bodies and other 
characteristic featirres of rheumatic fever in routine postmortem 
studies of scarlet fever.*^ The altered tissue reaction which charac- 
terizes rheumatic fever would only rarely be met with under such 
circumstances. 

Summary. An electrocardiographic study was made of 171 
cases of scarlet fever during and following the acute infection. 
Abnormal electrocardiograms were noted in 11 cases. The abnor- 
malities consisted of prolongation of the P-R interval in 5 cases 
and flattening or inversion of the T wave in 6 cases and did not 
appear before the 13th day from the onset of the scarlet fe\‘er in a 
single instance. 

A follow-up study of 600 cases of scarlet fever was made from 1 
to 3 years after the acute infection. It was found that 7 of the.se 
individuals had developed heart disease in the interval. The type 
of heart disease found was indistinguishable clinically from rheu- 
matic heart disease. 

Since this paper was witten a valuable contribution to the problem has Ix!cn 
published by Paul and his coworkors which in general supports our conclusions. 
(Paul, J. R., Salinger, R., and Zuger, B. Relation of Rheumatic Fever to Post- 
scarlatinal Arthritis and Postscarlatinai Heart Disease— Familial Study. ,1. Clin. 
Invest., 13, 503, 1934. 
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THE MIGRAINE PHYSIQUE. 


By Edward J. Stieglitz, M.D., F.A.C.P., 

ASSISTANT CLINICAI. mOFESSOR OF MEDICINE, HDSH MEDICAL COLLEGE 
OF THE ENIVERSm* OF CHICAGO, CHICAGO, ILL. 


The riddle of migraine has developed a truly enormous literature' 
dealing with the many aspects of the problem. The functional 
nature of the attack,- the relation of the migraine seizure to epilepsy,^ 
the etiologic significance of heredity,^-’ allergj’^,®"® gonadal function, 
ocular defects'®'" and fatigue,'® and the prophylactic and' active 
therapy® all have been repeatedly and voluminously discussed. 
However, it has not been possible to find any discussion of a charac- 
teristic physique in relation to migraine. Our ovm observations 
have strongly indicated that there is such a characteristic physique, 
or constitutional type, in which migraine appears with extraordinary 
frequency. It has been commonly possible to predict migraine in 
persons after but a cursory inspection and analysis of certain typical 
features. 

Migraine long has been known to be familial and much has been 
written emphasizing the hereditary nature of the disturbance. 
Allergic tendencies are likewise recognized as being hereditarily 
transmissible, and the relationship of allergy to migraine seizures 
recently has received much emphasis. It is thus not surprising 
that along with these two significant observations there should be 
a characteristic constitutional tjqie in which migraine, in one or 
more of its many forms, occurs with unusual frequenc 3 ^ Naturally, 
not all migrainous individuals conform to this characteristic 
type any more than all instances of cholecystitis appear in short, 
stout individuals, or pulmonary tuberculosis in those of the 
Stillar physique, but the incidence is amply high to justify corre- 
lation. 

The stimulating work of Dra^jer'® and others"-'® reminds us of 
the importance of fundamental constitutional characteristics in the 
causation of disease. Recognition of well-defined constitutional 
tjqies does not aid appreciably in direct therapy, but should aid in 
creating a somewhat clearer understanding of the disease. 

The frequency of the various characteristics of the migraine 
idiysique have been noted and tabulated in an unselected consecu- 
tii’e series of 100 cases of migraine seen in private practice. These 
data emphasize the frequency with which certain features are 
notable. The outstanding characteristics of the physique may be 
described briefly as follows: 

I. Neither height nor weight arc unusual, although extremes of 
variation are perhajis more frequent than in normal persons. 
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2. The hair is almost im^ariably characteristic— very fine and 
slender, straight and typically brunette. Migraine is most unusual 
in true blondes. The hair is neither unduly scant nor heavy, but 
is frequently rather more oily than usual. The significant fkture 
is the soft, fine texture; it is never stiff and rarely naturally curly. 

3. The eyes reveal imusually large pupils in proportion to the 
exposure to light. It has been noted repeatedly that this pupillary 
dilatation is exaggerated still further with fatigue and is especially 
marked just prior to an attack of migraine. Habitual pupillary 
dilatation occurred in 96% of the patients tabulated, and in the 
remaining 4% there was 1 instance of Argyll-Robertson pupils due 
to syphilis. These dilated pupils, however, react normally to light 
and accommodation, although they do not contract as firmly as the 
normal. 

4. The skin is tjqjicallj^ thin and fine and unusuallj’’ smooth- 
more like a child’s skin than that of an adult. It gives the impression 
of unusual transparencj'. Pallor is more common than ruddy faeies. 
The facies are most commonly characterized by finely chiseled 
classical features with delicate moulding, narrow nostrils and small 
nasal alie. 

5. The extremities are habitually cold and frequently moist and 
clammy. Such cold and moist extremities were noted in 91% of 
these patients. 

Other less obvious characteristics of these patients are an unusual 
lability of the arterial tension and pulse rate.'*' (See Table 1.) Of 
the instances of hypertension, 7 cases were of the emotional type, 
described previously.*^ The notable frequent coincidence of arterial 
h5q)otension is significant.*® A history of attacks of typical par- 
oxysmal tachycardia®'*® was obtained in 49% of these patients. . 

The usual pallor of the skin may or may not be associated with 
the high incidence of secondary anemia. Apokamnosis and habitual 
fatigue are characteristic, occurring in 82% of the patients.*® It 
is probable that there exists a distinct relation between the ten- 
dency to arterial hypotension and anemia and this marked diminu- 
tion "of endurance.* The tj-pical migraine patient fatigues readily 
and is, in fact, habitually tired. Almost all of the female patients 
(91% women) complained of marked exaggeration of this sense of 
fatigue or exliaustion just prior to their menstrual periods. Upper 
respiratory tract infections and chronic infections were conspicu- 
ously unusual, although rheumatic infection was surprisingly fre- 
quent. Some form of rheumatic carditis and chilling or chorea 
occurred in 15% of these patients, whereas all other infections 

totaled but 17%. ... 

A tabulated summary of these 100 cases of migraine will illustrate 

the significant characteristic features. 
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Table 1. — Chabactebistic Findings in 100 Cases of Miguaine. 

1. Sex.* Male, 14%; female, 86%. 

2. Age. Average, 31.4 years (extremes, 5S to 18). 

3. Cibculatoby Obsebvations. Arterial tension: Average, 

124.6/78.4 (extremes, 210/125 and 90/60) ; normal tension, 

41% (increased 19%; decreased 38%). Pulse rate: Aver- 
age, 85 (over 90, 21%; 70-80, 73%). History of paroxysmal 
tachycardia, 49%. Cold, moist extremities, 91%. Hemo- 
globin: Average, 72.3% (Dare); above 80%, 18%; 70-80%, 
26%; 60-70%, 31%; undetermined, 25%. 

4. Neurologic Observations. Pupils large, 96%; normal, 3%; 

Argyll-Robertson, 1 % ; History of scotomata, 54 %. History 
of vertigo, 72%. 

5. Hair. Brunette, 93 %; blonde, 7 %; typically fine and straight, 

96%. 

6. Marked Apokamnosis, 82%. 

7. Positive Familial History', 89%. 

8. Weight.' Normal, 38%; obese, 25%; underweight, 37%. 

9. Menses. Normal, 6%; marked intoxication, 91%; dysmenor- 

rhea, 63 %. 

10. Coincidental Diseases (frequency of occurrence). Neuro- 
logic : N euritis, 5 ; psychosis, 3 ; chorea, 3 ; petit mal epilepsy, 

1. Circulatory: "Fasomotor instability, 33; emotional hyper- 
tension, 7; arterial hypertension, 19; arterial hypotension, 

38; myocardial failure, 5; rheumatic mitral disease, 7; 
syphilitic aortic disease, 1; secondary anemia, 57. Consti- 
tutional: Dystrophia dystocia syndrome,-* 8; Milroy’s dis- 
ease, 1; thyrotoxicosis, 6; myxedema, 1. Urinary: Calculi, 
3;nephritis, 6; cystitis, 2. Gastro-intestinal: Irritable spastic 
colon, 9; peptic ulcer, 2. Infections: Rheumatic infection, 

15; tuberculosis, 4; all other infections, 17. 

Comment.— The above data demonstrate that the migraine 
physique is characteristic and should be recognized readily and 
early. The significant characteristics of the hair, eyes, skin, facies 
and extremities occur with notable frequency in migrainous indi- 
viduals. It is an extremely common occurrence that patients with 
migraine do not volunteer information concerning their attacks. 
They have had these attacks for years, their mothers before them 
were similarly afflicted, and they have come to feel that nothing 
can be done. Because of the continuous apokamnosis or sense of 
e.xliaustion and fatigue, ambition becomes dulled and not infre- 
quently a profound belief in constitutional inferiority is of the 
greatest importance. The intellectual level, however, usually is 
very high. 

Aside from the obvious visible and anatomic findings, some of the 
physiologic characteristics and consequences deserve comment. 
Perhaps most significant of these is an undue vasomotor instability 
The frequent hypotension, the disturbed peripheral circulation as 
manifested by pallor and cold, moist extremities, and the high inci- 

* AUpn’f roport.<5 that the ratio of men to women suffering from migraine is about 
1 to 21; Draiwr” reports 1 to 7. 
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dence of paroxysmal tachycardia illustrate some ill-defined but 
quite obvious constitutional defect in the equilibratory mechanism 
of the circulatory system. Local circulatory phenomena are often 
epggerated. These patients blush readily and excessively, emo- 
tional hypertension is not uncommon^^ and vasomotor coryza is 
frequent.^ Along vith the instability of the circulatory tonus is 
an emotional instability which is most frequently manifest as 
depression. If the theory that the acute migraine attack is due to 
some form of cerebral arteriolar spasm is a correct conception, such 
constitutional vasomotor instability as herein described would most 
certainly be a predisposing factor. 

Of the greatest importance in understanding the problems of 
migraine is an appreciation of the significance of habitual fatigue. 
This apokamnosis is a very real and major problem to the patient, 
-although there may be but negligible objective evidence thereof. 
Amelioration of this subjective state can do more to improve the 
morale and happiness of the patient with severe migraine than 
anything else. The continuous persistence of this subjective 
languor is destructive to ambition. Habitual anemia, hypoten- 
sion,'® the fatiguing effects of glare'® on the poorly protected retinfe 
and many other factors contribute to the maintenance of this state. 
Furthermore, we may postulate that these individuals are constitu- 
tionally decidedly less resistant to the effects of fatigue than normal 
persons. 

Fatigue may be of various types and origin— physical fatigue, as 
exemplified by the effects of muscular work; mental or emotional 
fatigue from excessive or prolonged activity (viz., worry),^® and 
also the ill-defined fatigue which follows infectious processes or 
intoxications. This latter is a more generalized disturbance. It 
is perhaps most characteristically illustrated by the well-known post- 
influenzal asthenia. This state of body depletion, exliaustion and 
vasomotor instability which persists after an influenzal infection 
closely resembles the habitual state of many migraine patients. 
One patient defined the condition as "that limp, wet dish-rag feel- 
ing.” In postinfluenzal asthenia, as in the migraine constitution, 
the arterial tension is low,'® the pulse is rapid, there is frequently 
undue perspiration, especially of the cold extremities, the patient 
feels weak and exliausted, and mental as well as physical effort is 
avoided. The situation is not merely a neurocirculatory asthenia,’® 
in which the disturbances become manifest only under condition of 
stress, but resembles a profound generalized change, such as occurs 
early in convalescence from an infectious disease or a state of 
habitual intoxication from some noxa as yet unknown. 

The relatively high resistance to acute infections in these patients 
is of great interest. Acute upper respiratory tract infections are 
very rare, and with the excejition of rheumatic infections, other 
infectious diseases are unusual. The relationship, if any, of the 



STIEGLITZ: THE MIGRAINE PUYSIQUE 


363- 


relatively frequent finding of rheumatic infection or its effects, 
wth the circulatory instability, warrants further study.'® Along 
with this relative immunity to transient acute infections, there 
occurs a notable thermostability. Patients of the typical migraine 
physique rarely reveal fever during their infections. If fever does 
appear, it is of lesser magnitude than one would anticipate from the 
other evidences of infection. It is important that this fact be given 
consideration in evaluating the significance of the temperature 
curve in such problems as suspected or early tuberculosis, pyuria, 
bronchitis, and the like. The absence of fever, or the appearance 
of but a negligible degree thereof, may be misleading unless one 
appreciates this unusual thermostability. As yet, we have no clue 
whatever to the mechanism of these two phenomena— the relative 
freedom from acute infections, and distinctly more marked thermo- 
stability. There is also no evidence indicating whether or not these 
two characteristics bear any fundamental relationship to one 
another. 

Conclusions. Migraine, long known to be hereditary and, at least 
in part, of constitutional origin, is very frequently fomid in persons 
revealing a characteristic physique or habitat. The more signifi- 
cant structural characteristics are as follows : (1) Very fine, delicate, 
straight hair, usually brunette; (2) a fine, transparent, childlike 
skin; (3) unduly large pupils which react normally to light and 
accommodation; (4) classical, finely moulded features, with narrow 
nostrils; (5) cold, moist extremities. 

This complex, once seen, is readily recognized and is found asso- 
ciated with migraine with great frequency. 

The physiologic characteristics are: (1) An unusual degree of 
vasomotor instability; (2) a markedly lowered resistance to fatigue 
and, therefore, an habitual apokamnosis; (3) a distinctly increased 
thermostability; (4) relative freedom from acute infections. 

These various characteristics appear with such regularity in 
patients with migraine that one may justifiably regard them as 
composing a constitutional type. For this type, for want of a 
better term, we suggest the term “migraine physique.” Recogni- 
tion of this tjqie does much to clarify some of the problems of 
migraine. The riddle of migraine is far from being soh^ed, but it is 
hoped that further study of these interesting constitutional charac- 
teristics may be a forward step. 
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RINGWORM OF THE SCALP. 

CuRABiLiTT, Without Depilating Measures, of Infections 
CAUSED BY “Animal’' Microsporons. 

By George M. Lewis, M.D., 

ASSOCIATE IN* DERMATOLOGY AND SYPHILOLOGY, NEW YORK POST-GRADUATE MEDICAL 
SCHOOL AND HOSPITAL, COLUMBIA UNH^ERSITY, 

NEW YORK. 

(From tho Department of Dermatology' and Syphilology, New* York Post-Graduate 
Medical School and Hospital, Columbia University, under the Direction'of 
Dr. George Miller MacKee.) 

Roentgen r.\y therapy, in epilating dosage, is still frequently 
used in the treatment of tinea capitis in the Eastern United States. 
In a number of New York institutions it is carried out as a routine 
procedure. Epilation by means of the thallium salts is not as popular 
as the former remedy due largely to the to.xic results sometimes 
produced. Both measures require careful preparation of the patient, 
elimination of unsuitable patients and meticulous attention to the 
details of the procedure. Both measures also involve a certain 
amount of ri.sk to the patient, and accidents, while uncommon, 
are not unknown. In other sections of the country, epilation by 
means of Roentgen rays or the thallium salts is also frequently 
practised, but apparently they are not used to a wide extent in the 
Southern and Western United States where the local application 
of medicaments is often sufficient to effect a cure. iMook' stated that 
in vSt. Louis, ringworm of the scalp invariably responded within 3 to 0 
weeks to the local application of such remedies as tincture of iodin. 
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5% aininoniated mercury ointment, or a salve containing 4% salicy- 
lic acid and 8% precipitated sulpliiir. In 29 years, he had only 
encountered 2 cases (in brothers) where it was necessary to employ 
Roentgen epilation. 

The advantage of curing the disease through the use of topical 
remedies rather than Roentgen raj's or thallium is probably acknowl- 
edged by all, but the numerous remedies advocated (which may be 
found in any standard text on Dermatology), attest to the relative 
lack of specificity and uncertainty of cure. The search for a specific 
cure for tinea capitis has been pursued for many years. MacKenna- 
commented that “from time to time some new form of treatment 
or some modification of an old one is acclaimed as rapid, efficacious 
and certain. Long experience and the trial of some of these vaunted 
quick cures has driven me to the painful conclusion that their 
enthusiastic sponsors are usually youthful optimists who examine 
their patients with the eye of faith rather than the lens of the micro- 
scope.” Ormsby stated that “the indication for the relief of tricho- 
phytosis capitis is the destruction of the parasite, and there can be 
no question that this can be accomplished in some cases without 
having recourse to epilation.” This latter opinion appears to be 
generally held although the indications for the use of depilating 
measures or the institution of local therapy is not well defined in 
any of numerous texts consulted. Of the more recent remedies 
brought forward, certain volatile oils, first shown to have active 
antifungicidal properties by Myers, •' and Ivingery and Adkinson,'^ 
were favorably reported upon in a clinical study by Kingery.® 
Loomis,’ however, was unable to duplicate his results in a series of 
patients in Cleveland. 

The tendency to biologic cure in certain cases of tinea capitis 
was emphasized in a recent communication.* In such cases, “animal” 
fungi appear to be the usual causal organisms. The fact that in 
general, cases due to “animal” organisms are easier to cure than the 
ones in the M. audouini group, has been mentioned,® but has appar- 
ently escaped attention in this country or has not been widely 
accepted. In order to ascertain the effect, if any, the type of fungus 
present had on the curability of tinea capitis by the use of topical 
remedies, a series of patients was treated during the past year. 
The results are given below. 

Forty-nine patients with tinea capitis (including favus) were 
studied, representmg the casual applicant to the dispensary in the 
.serA’ice of Dr. Fred Wise and cases from other institutions, and 
in the private practices of cooperating colleagues, among whom 
should be mentioned Drs. Van Alstyne H. Cornell, E. A. Abbey, 
C. Astrachan, and F. S. Kerr. The types of fungi grown, and 
the incidence follow: M. audouini 22; jST. lanosum 17; A. schohn- 
leinii 3; Tr. violaceum 1 ; M. felineum 1 ; no growth 4; undiagnosed 1, 
Of this number, 37 cases form the basis of this report. The remain- 
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der (12 cases) either did not continue under observation, or their 
exact status was undeteriniiied. Laxity in carrying out the treat- 
ment was not deemed sufficient reason for excluding several cases 
since this was not confined to any one group. The 37 cases herewith 
reported fell into the following tj^pes; M. audouini (20 cases); j\I. 
lanosum (12 cases) ; A. schoenleinii (3 cases) ; Tr. violaceum (1 case) ; 
M. felinium (1 case). 

Clinical Daia. An analysis of the patients revealed 28 males 
(75%) and 9 females (25%).* The average age of all the patients 
was 1\ years. The youngest was Zh years and the oldest 17 (case 
of favus). The duration of the disease varied considerably accord- 
ing to the organism isolated. In patients from which AI. lanosum 
was cultured, the disease was present less than .3 months on the 
average, varj’ing in individuals from 3 weeks to 0 months. In the 
AI. felineum case, the duration was said to be 1 week. In the INI. 
audouini cases, the average duration was 8| months, varying in 
individual cases from 2 months to 2 years. In the 3 cases of favus, 
the infection had been present for I5, 2 and 3 years respectively. 
The patient from which Tr. violaceum was isolated stated that the 
disease was first noticed 5 years before. To 5 patients (3 i\I. lano- 
sum; 1 AI. audouini and 1 A. schoenleinii) Roentgen ray epilation 
had previously been given. INIost of the cases due to an “animal’' 
microsporon, exhibited more inflammatory reaction than the others, 
although in 3 such cases no erythema was noted and the infections 
were considered on clinical grounds to be due to AI. audouini, bear- 
ing out the assumption that a botanical diagnosis is not always 
possible from the clinical characteristics. No typical kerions were 
present in any case but in several instances, pustulation was noted. 

TT'ood Light. In addition to microscopic and cultural studies, 
hairs either in ffiiu or after removal, were examined under the Wood 
light, t With the exception of 1 case, in which a spontaneous cure 
apparently occurred, fluorescence of the infected hairs was observed. 
In all the microsporon infections, the well knoiTO bright green effect 
was noted. In favus, some difficulty was usually met with in dis- 
tinguishing the infected hairs, which however, on careful examina- 
tion, could be usualh' singled out as showing in their entirety, a 
lighter hue than the normal hairs jiresent and usually fluorescing 

* A review of lOS conseeiitive cases from the Skin Clinic revealed the incidence 
between the sexes to bo SO males (77%) and 2S females (23%). Crocker'” stated that 
in GOO cases, the disease was 0 % more prevalent in Ixjys. Beeson" noted that S5% 
of his cases wore males. In Pardo-Castello’s series,*- there was onij- 1 girl to 31 boys. 
In this connection it is interesting to note that in ringworm of the adult scalp, Fox 
and Fowlkes" found that in 48 collected cases, 32 females were affected (GG%). 

t The Wood filter is composed essentially of nickel oxid; the best glass according 
to Radley and Grant" contains 9% of the salt together with silica, barium oxid, potas- 
sium oxid and copiicr oxid. When a source of ultrax-iolct light is screened with this 
glass, all the xdsible rays arc absorbed while the ultraviolet rays are transmitted 
through the filter. Many substances when exposed to the rays, in a dark room, 
fluoresce in a characteristic fashion. 
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near tlic scalp but not with the brilliance of the microsporons. The 
infected hairs in the case of the Tr. violaceum infection showed a 
bluish-white color not noted in the other varieties. In appearance 
it resembled the fluorescence of petrolatum, but was differentiated 
by the negative history of application of grease and from the observa- 
tion that not all neighboring hairs showed the fluorescence; these 
hairs also invariably contained fungous material while those not 
fluorescing were found to be normal. It appears important to 
remember that in favus and in many of the endotlwix trichophytons 
the affected hairs are not broken off in short stumps as in the micro- 
sporons. h'ungous elements usually only invade part of the shaft; 
consequently only part of the hair fluoresces. However, because 
of toxic, nutritional or other, factors, the remainder of the hair 
appears lusterless and lighter than normal hair. 

The Wood light was an almost indispensable help in determining 
cure; infected hairs were frequently found when the disease was 
apparently eradicated to the unaided eye. 

Method of Treatment. It was felt desirable to standardize the 
treatment in order to arrive at a fair comparison in the results. 
Having in mind the time-honored value of iodin, and impressed 
with the possibilities of the volatile oils, a prescription was concocted 
containing iodin crystals, thymol and oil of cinnamon aa 1 % in 
petrolatum. This was found to be slightly irritating. In only 4 
cases were different preparations given. In 1 instance, a chlorin 
compound in petrolatum was used; in another case 1 % iodin crystals 
in petrolatum was prescribed and in 2 instances the treatment con- 
sisted of a 10% ammoniated mercury ointment. In all 4 cases, the 
causal fungus was M. lanosum. The parents or attendants were 
instructed to apply the medicament twice daily preceded by a 
soap and water shampoo. No manual epilation was practised. 
The usual hygienic precautions were also outlined. Shaving or 
clipping of the hair was not stressed although in some instances 
this was done to facilitate the treatment. The patients were 
reexamined as frequently as possible and the clinical impression 
was checked by the Wood light and microscopic and cultural deter- 
minations. 

RmiUs. The uniformity of the results was surprising. All 12 
cases due to IM. lanosum and the case due to M. felineum were 
cured, whereas in none of the cases due to M. audouini, A. schoen- 
leinii, or Tr. violaceum (24 cases in all) was the disease eradicated. 
Another patient (not included in this series) spontaneously recovered 
from an obvious ringworm infection of the scalp; no "fungi were 
<leinonstratcd from the scalp but a coincident tinea circinata of 
the neck revealed AL lanosum. The cases in the M. lanosum group 
WCTc cured on an average of just under 2 months, the .sh6rte.st time 
being .3 weeks and the longest time being 3 months. The 4 cases 
treated with compounds other than the standard formula, all 
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responded favorably in approximately the average time required 
for the others. In the case of the patient treated with the ehlorin 
compound, her brother received the standard treatment and both 
were discharged as cured at the same time. Treatment in the cases 
due to M. audouini was pursued for an average time of months, 
the shortest time being 3 months and longest 5 months. The favus 
cases were treated for 2, and 8 months and the ease due to 
Tr. violaceum for 5 months. 

Commenis. The reason for the favorable outcome in the one 
group is not known. The effect may be due to irritation causing 
inflammatory changes finally resulting in a biologic cure. Against 
the premise of a direct fungicidal action was the success achieved 
in 4 cases of “animal” infection, using different remedies; the failure 
to cure when other fungi were involved would also speak against 
a specific medicinal effect. 

The lack of response to treatment in the latter group, does not 
necessarily preclude the possibility of cure without resort to the 
use of Roentgen rays or thallium acetate. Other remedies and the 
use of mechanical epilation might be effective, especially when 
active cooperation of the parents is obtained. There is reason to 
believe that many such cases have been cured in the past. The 
results of this investigation, however, indicate a decided difference 
in the response to therapy between the different species. While no 
ectothrix (animal) trichophytons were included in this study, it is 
likely that they also might react favorably to local therapy. Al- 
though the results here recorded were uniformly successful insofar 
as the “animal” microsporons were concerned, the series of cases 
is too small to state with certainty that all such cases would similarly 
respond. It is also suggested that reports showing good results 
from the use of certain drugs applied locally may be justly criticized 
if cultural studies are lacking, since the favorable outcome might 
only in part be due to the therapy. Cultural determination of the 
causative fungus is rarely a routine procedure prior to the treat- 
ment of tinea capitis, even in many of the larger institutions. The 
demonstration of fungi in extemporaneous preparations is usually 
considered sufficient evidence to proceed with therapy. From 
the evidence submitted in this report, determinative mycology 
would appear to be of value from a practical standpoint in treating 
tinea capitis; i. c., cultures must be obtained! 

Incidence of "Animal” Microsporon Infection. The mycologic 
flora appears to vary considerably in different parts of the world.'" 
Walker'" noted theprejxuiderance of micros|X)ron infection in Tinea 
capitis in Scotland and England while in Italy the trichophytons 
were chiefly responsible. The “animal” microsjjoroiis would ajjjiear 
to be negligible in the British Isles. Sabouraud's statistics'* reveal 
that only 3*'^ of his cases were due to M. lanosuin and a recent 
report''' from Bordeaux failed to reveal any “animal” microsporons 
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in an analysis of 176 patients. Very few complete studies appear 
to have been made in the United States and Canada (Table 1). 
Wise-^ stated that 20 years ago, the cases in New York were pre- 
ponderantly of the non-inflammatory tjqie, considered to be M. 
audouini infections. The situation today has apparently changed 
although the cases found in institutions or orphan asylmns are still 
usually M. audouini infections. In the patients comprising the 
series herewith reported, the disease was caused by, “animal” 
microsporons in 13 out of 37 cases (35%). This figure, however, 
is misleading insofar as the ordinary run-of-case in the dispensary 
is concerned, since only 3 of the M. audouini cases should be so 
included. Excluding institutional cases, it was found that in 65% 
of the cases the infections were due to “animal” microsporons. 
It would thus appear likely that a fair percentage of cases of ring- 
worm of the scalp throughout the country are caused by “animal” 
microsporons. 


Table 1. — Incidence or Fungus Species Causing Tinea Capitis in the United 

States and Canada. 


Authority. 

Location. 

Number of 
cases. 

Microsporon 

audouini 

(human 

tyTc). 

Microsporon 

lanosura; 

Microsporon 

fclincum 

(animal 

types). 

Other 

species. 

. 

White” . . . 

Boston 

1 




CorlotU'’ . 

Cleveland 

i M. audou 

ini stated to 

be the predo 

minant 

Wende’o . 

Buffalo 

1 organ 

ism. 



Beeson” . 

Chicago 

J 




Greenwood-' . 

Boston 

40 

25.0% 

07.5% 

7.5% 

BurKCss" . 

Montreal 

02 

32.2% 

33.9% 

33.9% 

Pardo-Cnslcllo'- . 

Havana 

32 


100.0% 


Da\ddson and 






Gregory’' . 

Winnipeg 

75 

57.0% 

43.0% 


Mook' 

St. Louis 

Majority 

of cases acqu 

ired from ani 

mals. 

Weidman’’ 

Philadelphia 

30 

41.7% 

50.0%, 

8.3%, 

Jacobson’' 

Los Angeles 



Most freque 

nt 

Smith’* 

El Paso 


rarely found 




Summary and Conclusions. 1. Thirty-seven patients with Tinea 
capitis were treated with local applications only (i. c., without 
depilating measures). 

2. The results were uniformly good in 13 cases in which the causal 
fungi were “animal” microsporons. 

3. Twenty-four other cases due to j\I. audouini, A. schoenleinii 
and Tr. violaceum failed to respond to similar treatment. 

4. The ointment used by the majority of the patients in this 
series is not advanced as a “specific cure” for the case.s which 
resjiondcd favorably; it is more than likely that the medicament 
used might vary considerably in its composition and still be used 






370 


LEAns: RIXCAVOKM OF THE SCALP 


successfully in the treatment of infections clue to “animal'’ micro- 
sporons. 

5. The results of this investigation point to an explanation for 
the discrepancies in the results Avhich might occur when a given 
formula is used by different observers in diff’creiit sections of the 
country. Likewise, the experience of a physician whose cases are 
mainly institutional might differ from one whose patients are seen 
in the dispensary or in private practice, since ringworm of the scalp 
in orphan asylums and the like is mainL’- due to M. audouini while 
M. lanosum is responsible for a considerable percentage of the latter. 

6. Tinea capitis, when caused by “animal” fungi, is shown to be 
curable by local therapy alone in from 3 to 12 weeks. It is suggested 
that cases in this category should be segregated, for treatment, from 
the more resistant forms wliich might require depilating measures 
by means of the Roentgen rays or thallium acetate. Cvltiiral ddcr- 
mination of the causative fungus would thus appear highly desirable 
and of practical importance in the management of ringworm of the 
scalp. 
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THE AUiEGED INCREASE OF SENSITIVITY OF VASCULAR 
RESPONSE TO EPINEPHEIN FOLLOWING INJECTION OF 
PLASMA FROM NEPHRITIC PATIENTS. 

By Irvine H. Page, 

ASSOCIATE IN medicine, nOCKEFELLEB INSTITUTE, 

NEW YORK. 


(Erom the Hospital of the Rockefeller Institute for Medical Research.) 


Investigations by Hulse,^ in Volhard’s Clinic, appear to demon- 
strate that the elevation of blood pressure in patients suffering 
from nephritis is due to the occurrence of a peptone-like substance 
in the blood. This substance was found in serum by two methods. 
The first consisted in the injection of serum into animals and the 
demonstration that such animals were more sensitive to the pressor 
action of epinephrin than before -treatment with serum. Serum of 
normal subjects or of patients with essential hjTjertension did not 
e.vliibit this ''sensitizing” action. The second method (Hiilse and 
Strauss-) consisted in the demonstration that the protein-free 
trichloracetic acid filtrate of blood from hypertensive patients with 
nephritis invariably exliibited an increase in the formalin titrable 
amino-N after acid hydrolysis (bound amino-N). From these 
results it was concluded that peptone-like substances appear in the 
blood of such patients and that it was this fraction which caused 
the sensitizing action for epinephrin. Neither normal persons nor 
patients with essential hypertension exlribited any increase in bound 
amino-N. 

The result of the latter of these two methods for demonstrating 
sensitizing substances has recently been shown to be incorrect by 
both Jackson, Sherwood and Moore,* and more recently by Becker 
and Herrmann.'* Neither group of investigators was able to find 
any relationship beNveen the bound amino-N and the height of 
the blood pressure. 

The biological exijeriments, however, still remained unquestioned. 
As the problem is one of importance to the understanding of the 
mechanism of hjqjertension, we liave thought it desirable to attempt 
to confirm or disprove Hulse’s contention. 

Method. Most of our experiments were conducted on pithed cats 
bemuse of tiieir very high sen.sitivit 3 ’’ to epinephrin. The animals were 
quicklj' anesthetized rvith ether, the vagus nerves cut and a tracheal cannula 
inserted. Blood pressure was recorded bj' a mercurj^ manometer from the 
carotid or femoral a^te^^ The sloill was trephined and the brain and 
cord destroj'cd. Artificial respiration wa.s immediately instituted and no 
more anesthetic administered. Doses of 1 to 2 cc. of 1 to 2,000,000 epi- 
nephrm solution were injected into a femoral vein as soon as tlie blood 
pressure had reached a_ constant level. xVfter repeating tlie injections a 
number of times (requiring .about I to ^ hour after discontinuing the ether), 
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10 to 20 cc. of ■warm fresh heiiarinized plasma was slowly injected. The 
plasma was usually ready for injection 5 to 10 minutes after withdrawal 
from the patient. Directlj' following the plasma injection, cpinephrin 
doses were again administered. In some experiments pitressin was then 
injected in order to enhance the sensitivit 3 '' of the animal to epinephrin. 
Just enough was given to produce a very slight rise in the level of blood 
pressure, and when the pressure had again fallen nearty to normal, epi- 
nephrin was again given. 

Experiments were also performed as outlined, but emplojdng etherized 
cats with the central nervous sj’stems intact. 

Besides native plasma, alcohol extracts of plasma were prepared bj' a 
method published elsewhere.® It consisted in precipitation of proteins 
and lipids with alcohol, removal of the alcohol under vacuum arid freezing 
the remaining fat from the extract. A clear water extract of the plasma 
resulted. Ultrafiltrates of plasma were also prepared ■bj’^ three different 
methods; (1) Dialj'sis through collodion thimbles. (2) Suction through 
collodion coated porcelain pear-shaped thimbles. (3) High pressure filtra- 
tion. (Pfaltz and Bauer apparatus.) 



Fig. 1. — Example of the propressive increase in response of the pithed cat to injec- 
tions of 2 cc. of 1 to 200,000 epinephrin. Ether removed ‘15 minutes Ixifore the injec- 
tions were Ixigun. Initial pressure, 02 mm. Hg. 


Results. Repeated injection of epinephrin into pithed cats led 
to a progressive increase in the vascular response to it (Fig. 1). 
This action of epinephrin was first noted by Levy® and has been 
studied in detail bj' Weyman and Lute.’' Animals with intact 
nervous systems also exlnbit the phenomenon (Fig. 2). It is, 
therefore, evident that any increase in sensitivity must be corrected 
by subtraction of the increment which normally accompanies 
repeated injections of epinephrin. This Hiilse did not do. 

In no cxjieriment (22 experiments) did we observe an increase 
in the sensitivity of the pithed animal to epinephrin following 
the intravenous injection of from 10 to 20 cc. of plasma, whether the 
plasma originated from patients with severe nephritic hj-pertension 
(8), essential h\-pcrtension (6) or normal subjects (3). Negative 
results were also obtained on animals in which the central nervous 
system was intact. 
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Administration of pitressin increases the sensiti^dty of the animal 
to epinephrin two to fourfold. In those animals with enhanced 
susceptibility, administration of plasma was also unsuccessful in 



Fig. 2. — Sensitization to epinephrin -vrilh and without central nerv'ous system 
intact. Repeated injections of 2 cc. of 1 to 100,000 epinephrin. At 17, extract of 
20 cc. plasma of a severe hypertensive nephritic (blood-pressure, 216/120) was 
injected. At 18, a small dose (1 cc. of 1 to 25 dilution) of pitressin was given, fol- 
lowed by the usual epinephrin dose. Initial pressure, 120 mm. Hg. 




^ Sf , ii> 'I 11 n iC il n '* ” ^ W '»« 1/ 



-1— ,-r-U — IT— r-i_. i-f-lr- V— 1 — XT— u-TT-V— nr-:' - AH-i 

3 4 5 0 7 8 9 10 13 14 15 16 17 IS lOj 20 21 22 23 24 25 20 

Fig. 3.— Sensitivity to epinephrin following plasma and plasma extract injection 
in pithed cat. 3, 4, 2 cc. of 1 to 100,000 epinephrin. 5, Extract of 5 cc. plasma of 
severe nephritic with hypertension (blood-pressure, 200/122). 6, Extract of 30 cc. 
plasma of same patient. 7 and 8, Epinephrin. 9, Extract of 15 cc. plasma from 
same patient. 10 to 13, Epinephrin. 14, 10 cc. plasma from same patient. 15 and 
10, Epinephrin. 17, 10 cc. plasma from same patient. IS, Epinephrin. 19, E.xtract ■ 
of 15 cc. plasma from same patient. 20, Epinephrin. 21, Extract of 20 cc. of plasma 
from severe essential hypertensive (blood-pressure, 220/130). 22, Epinephrin. 23, 

E.xtract of 20 cc. plasma from nephritic without hypertension (blood-pressure, 120/60). 

24 and 25, Epinephrin. 26, Extract of 18 cc. plasma from severe essential hyper- 
tensive Expt. No. 110 (blood-pressure, 52 mm. Hg.). 


further increasing it. Neither did ultrafiltrates (9) nor alcoholic 
extracts (19) of plasma exhibit the slightest effect on epinephrip 
susceptibility (Fig. 3) regardless of the origin of the plasma. 


374 -WILSOX: a note on parenteral liver therapy 


Discussion. Native plasma, alcoholic extracts and ultrafiltrates 
thereof do not alter the responsiveness of the vascular system to 
epinephrin either in pithed cats or etherized normal cats. AYe, 
therefore, find no basis for Hiilse’s claim that substances vhich 
enhance the vascular action of epineplirin are present in the blood 
of hj’pertensive nephritic patients. It is possible that he mistook 
the increased susceptibility to epinephrin which normally accom- 
panies its repeated administration for an effect due to plasma. 

These experiments appear to remove the support which the 
pharmacologic method offered to Hiilse’s theory of hj^iertension. 
We have already referred to -the fact that Hiilse and Strauss’^ 
chemical e\ndence as to the existence of peptone in the blood of 
hjqiertensive nephritic patients has not received confirmation by 
other investigators.^'"* 

Conclusions. Hiilse’s theory that the hj^iertension in nephritis is 
due to occurrence of peptone-like substances in the blood which are 
able to sensitize the bloodvessels of animals to epinephrin receives 
no support from this investigation. It was shown that heparinized 
plasma, ultrafiltrates and alcohol. extracts thereof do not increase 
the vascular response of cats to epinephrin regardless of whether 
the plasma originates from patients with nephritis, with hyperten- 
sion, essential hjqiertension or normal subjects. 

Epinephrin repeatedlj’’ injected normally increases the vascular 
response of anesthetized animals to it. This fact may partially 
ex*plain Hiilse’s results. 
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A NOTE ON PARENTERAL LIVER THERAPY IN STREPTOCOCCUS 

PNEUMONIA. 

By j. Alfred AVilson, jNI.D., 

ATTENDING PHYSICIAN, MERIDEN HOSPITAD, MERIDEN, CONN. 

Liver extract injected intramuscularly and intravenously causes a 
leukocytosis and a relative increase in the neutrophils. This was 
shown by Foran, Sheaff and Trimmer’ in the successful treatment of 
o eases of agranuloc\dic angina. Murphy- reported finding a leuko- 
cytosis, as well as an increase in hemoglobin and erythrocytes, in 
pernicious anemia following injections of liver extract. 
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’Meyer, Middleton and Thcwlis^ studied 4 apparently irormal 
persons and 3 with abnormal conditions. Injections of liver were 
given, then frequent white blood counts made. In all, there was a 
definite increase in the wliite blood cells. In 1 case, the leukocyte 
count increased following the injections of liver extract, before and 
after splenectomy. They conclude that parenteral liver extract 
stimulates the bone marrow and other sources of the cellular ele- 
ments of the blood. 

Middleton and Gibbon^ in a study of 164 cases of pneumonia in 
hospital practice, 64 of which died and 100 recovered, found the 
average leukocyte count of the recovered cases was 21,046, and of 
those who died 14,700. They expressed the opinion that the absence 
of leukocytosis is unfavorable, and leukopenia an ominous sign in 
pneumonia. A high total leukocyte count, especially 20,000 or 
above, is reassuring. 

It seems reasonable, therefore, to expect that in view of the 
published data on the effect of liver therapy on ' leukopoiesis, it 
would be of value in cases of pneumonia with leukopenia or low 
leukocyte count. The object of this report is to place on record 
a description of 2 cases of streptococcus lobar pneumonia which 
showed striking improvement following parenteral liver therapy. 

Case Abstracts. Case 1.— R. P., aged 45, Swedish-American, milk 
dealer and farmer, had previous attacks of pneumonia in 1920 and 1926, 
Family history negative, except that father and mother, on adjoining farm, 
were just recovering from pneumonia. He was first seen at his home, 
February 6, 1934, complaining of general malaise, fever and pains in the 
right chest. Many fine riles were heard in the right axilla. Leukocyte 
count was 16,000 (Talkie 1). On the morning of February 9, he was defin- 
itely worse, verj’- toxic, coughing a small amount of bloody sputum, and was 
admitted to the Meriden Hospital. The next day, the fifth day of his illness, 
he was gravely ill, irrational, and Mth a lowered leukocyte count. That 
afternoon, liver injections were started, and by the end of the sixth day, 
he was definitely better and continued to improve. His temperature 
receded by lysis, reaching normal on the eleventh day. 

Physical Examinaiion. A very well nourished, adult, white male, sligh% 
confused mentally. Respirations were rapid, sldn flushed and cyanotic. 
Chest showed definite pneumonia with many fine crepitant rfiles in the right 
axillar}' region. Heart sounds were fast but normal. Abdomen was sliahtlv 
distended. 

Laboratonj Examination. Blood counts (Table 1 ) . Sputum was bright red 
and on direct smear showed long chains of streptococci. Cultures on blood 
agar showed Beta hemolysis. Negative for Tjqje I, II. Ill and VII pneumo- 
cocci (Neufeld). Urine, 1.023, negative albumin and sugar, rare red blood 
cell. Report of Roentgen ray taken the twelfth day showed consolidation 
of the upper and middle lobe of the right lung undergoing resolution. 
No fluid present. 

Treatment. O-xygen therapy was started on the tliird day and given 
through the seventh day. Liver extract injections (intramuscular) were 
started on the fifth day of the disease. Ammonium chlorid was given in 
.small doses m the beginning; and on the fifth and sixth days, Digalen 
(Roche) and strj'chnin were given hypodermically to support the circula- 
torj- system. 
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Taiilk 1. — Blood Fixdings. 
C(isc,l. 




I.ivcr 

w. n. c. 



Urine 



extract 

in ’ 



24 hours 

Date. 


(ce.) 

tlious.an(ls. 

PolJ^nor. 

Temp. 

(in cc.). 

2- 7-1934 



16.0 

91% 

103° 


2- 9-1934 



9.2 

88 

10-1 

1600 

2-10-1934 

9 A.M. 


S.2 


103.0 

500 


4 r.M. 

3 






10 P.M. 

3 





2-11-1934 

5 A.M. 

3 




3400 


9 A.M. 


27.8 


102 



10 A.M. 

3 






3 P.M. 


25.4 





10 r.M. 

4 





2-12-1934 



26. S 

84 

101 

1050 

2-13-1934 



25.0 


100.2 

' 1300 

2-14-1934 



24.4 


100 

950 

2-15-1934 



20.0 


100 

1750 


1 cc. is equivalent to 50 

gm. of fresh liver (Endo). 






Case 2. 




7-17-193-4 



10.4 

75% 

104.2° 

700 

7-1S-1934 



8.2 

72 

104 

300 

7-19-1934 

10 A.M. 

2 

5.2 

68 

105 

600 


4 P.M. 


7.2 

67 




10 P.M. 

2 





7-20-1934 

9 A.M. 


6.8 

70 

105.4 

850 


10 A.M. 

4 






10 P.M. 

4 





7-21-1934 

10 A.M. 

4 

6.4 

67 

104.2 

1000 

7-22-1934 

10 A.M. 

4 



104.4 

700 

7-23-1934 

10 A.M. 

4 

7.2 


103.8 

1050 

7-24-1934 



8.4 


103 

1450 

7-26-1934 

10 A.M. 


4.6 


102.0 

1500 

7-27-1934 

10 A.M. 

4 



100.2 

1350 

7-2S-1934 



12.2 


99.0 


S- 1-1934 



7.2 

08 

98.8 



Case 2. — W. L., aged 21, graduate nurse, family and personal historj’ 
negative, was taken iU on July 15, 1934, and admitted to the hospital on 
the third day of her illness, complaining of general malaise, fever and slight 
cough. The fourth daj', a Roentgen raj’- of her chest revealed a pneumonic 
process in the left outer middle area. No physical signs were present until 
the seventh day when many fine rales were heard over the same area. Tem- 
perature ranged from 101° F. in morning to 105.4° F. in afternoon, the 
highest point being reached on the sixth daj% Her temperature graduall}' 
receded with improvement in her general condition, and on the fifteenth 
day, the temperature was normal. 

Physical Exam {nation . Patient slightly built, poorl3' nourished, mentallj' 
clear, no dj'spnea or cj'anosis. Face was flushed, throat slightlj’’ reddened, 
lungs clear, no rfilcs heard. Heart sounds were regular, sj'stolic munnur 
at the apex. This was an old lesion and had been noted 3 j'cars before this 
illness. Abdomen and e.xtremitio3 were normal. 

Laboratory Examination. Blood counts (Table 1). Sputum w.as scantj' 
in amount, j-ellow, negative for tubercle bacilli and for Tj’pe I, II, III and 
YII pneumococci (Ncufeld). Direct smear showed manj' long chains of 
streptococci. Cultures on blood agar showe<l Beta hemolj'sis. Blood 
Wassermann was negative. Agglutination tests of blood serum were 
negative for tjT»hoid, p.aratj’phoid Aand B, Weil-Felix and tmdulant fever. 
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TrcahuaiL Ammonium chloric! in small doses. Liver extract injected 
daily from the fifth to the ninth days inclusive and again on the twelfth 
day (sec table). 

Discussion. The injection of liver extract was tried in the first 
case of pneumonia because of the drop in leulvocyte count from 
16,000 to 8200 in 3 days. When liver extract was started, this 
patient was seriously ill, in a light stupor, high fever, able to take 
very little nourishment, and voided 500 cc. of urine in 24 hours. 
The prognosis seemed poor. Sixteen cc. of liver extract (equiva- 
lent of 800 gm. of fresh liver) were given intramuscularly between 

4 p.M. of the fifth day and 4 p.m. of the sixth. The leuliocyte count 
rose from 8200 to 27,800. The patient improved. He voided 
3400 cc. of urine in 24 hours, and although still confused mentally, 
the stupor was less and the fever lower. The leukocytes remained 
above 20,000 until the tenth day of his illness. The fever came 
down by lysis and there were no complications. He was discharged 
from the hospital on the fifteenth day. 

The leukocyte count in the second case, on the third day of 
illness was 10,400 and had dropped to 6200 on the fifth day. Daily 
liver extract injections were started on the fifth day and given for 

5 days. The general condition of the patient was greatly improved, 
and the average leukocyte count was 7000. No injections were 
given on the tenth, eleventh and twelfth days of the disease. The 
leukocyte count on the twelfth day was 4600. Four cc. of liver 
extract were given on the thirteenth day, and on the fourteenth day, 
the count rose to 12,200. In 3 more days the count dropped to 7000, 
The temperature was normal by this time, the patient improved 
rapidly and no complications occurred. 

Dilferential counts coincided with the number of leukocytes. 
An increased leukocyte count was accompanied by a relative 
increase in the neutrophils. The number of white blood cells seemed 
to be a sufficient index of the patient’s condition. 

The diagnosis of streptococcus pneumonia was based on the report 
of large numbers of streptococci in the smears and cultures from the 
sputum and the negative result for pneumococcus Types I, II, III 
and ITI and the absence of pneumococci in smeare of sputum. The 
sputum in one case contained bright red blood and in the other it 
was yellow. In neither was it the tvqiical rusty or brown sputum 
characteristic of a pneumococcal infection. 

In studying the hospital chart, it was interesting to note that 
the output of urine was below norinal just before the liver therapy 
was instituted, and greatly increased after it was given in each case 
(see table). The first patient averaged an intake of 3000 cc. of 
fluids a day and the second 2500 cc. dailv. 

Summary. 1. The effect of parenteral liver extract in the 2 
cases of streiitococcus lobar pneumonia described, suggests that it is 
a valuable therapeutic agent. Recovery took place in both cases 
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Avith no complications, tlic temperature returning to normal by 
lysis. 

2. Due to the success of liver therapy in these cases, it should be 
considered in any type of pneumonia with a low. or receding leuko- 
cjd;e count. 

3. Daily or frequent leukocj’te counts are important indices 
in the progress of a pneumonia patient. 

4. The daily output of urine was increased following the liver 
treatment. 
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THE ETIOLOGY OF "ALCOHOLIC” POLYNEURITIS.* 

By Maurice B. Str.auss, M.D., 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
[Harvard], Boston City Hospital, and the Departments of Medicine and 
Tropical Medicine, Harvmrd Medical School.) 

Since Lettsom’- first described "alcoholic” polyneuritis, in 1787, 
a direct neurotoxic effect of alcohol has been considered to be the 
causative agent. Six years ago, however, Shattuck- suggested that 
this disease was “caused chiefly by failure to take or to assimilate 
food containing sufficient quantity of vitamin B ” and “ might be 
properly regarded as beriberi.” ^leyer,® Wechsler* and a number 
of other clinicians have concurred in this point of idew, without, 
however, advancing any further evidence for it. h'linot, Strauss 
and Cobb® have discussed the subject, pointing out the clinical 
and pathologic similarities between the polyneuritis associated 
with alcoholism and that of beriberi, and noting the fact that over 
one-fourth of their 57 patients with undoubted “alcoholic” poly- 
neuritis also had pellagra, a disease which is now generally believed 
to be the result of dietary deficiency. Dietary histories of 43 of 
their patients showed that 41 of these individuals had partaken of 
grossly inadequate diets for prolonged periods of time. Twenty- 
one patients had gastric anacidity and 15 had gastric hj'poacidity, 
which states might well have interfered with the proper assimilation 
of nutriment from the gastro-intestinal tract. "While these facts 
undoubtedly add to the concept that “alcoholic” polyneuritis is 

* a prcliminarT.’ report of this study was pre.^ented before the .Aincriran Soeiety 
for Clinie.al Investigation at Atlantic City, N, .L, April 30, 1934. 
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the result ol dietary deficiency, tliey fail to prove the case against 
a dii'cct neurotoxic effect of alcohol upon peripheral nerves. • 
The work of Spies and DeWolf® on “alcoholic” pellagra suggested 
that a method similar to theirs might be employed in making 
obserr'ations upon patients with “alcoholic” polyneuritis. If alco- 
hol has a direct neurotoxic effect on peripheral nerves in the amounts 
consumed by the individuals who develop polyneuritis, then this 
condition should become progressively worse if the use of alcohol 
in similar amounts is continued. Certainly no amelioration of the 
polyneuritis should be expected in patients who continue the exces- 
sive use of alcohol. 

Procedvre. Ten patients with “alcoholic” polyneuritis not com- 
])licated by severe febrile infections or decubitus were selected for 
study. Data concerning these individuals are summarized in 
Table 1. By careful questioning, the usual daily intake of spirituous 
liquors was determined in each case. Such an amount of pure 
blended whisky (from 1 pint to 1 quart) was then administered daily 
to each patient throughout the period of study. At the same time 
each ])atient was placed upon a dietary regime which included 
2 eggs, 1 pint of milk, 225 gm. of beef or lamb, 240 cc. of orange 
juice and 4 servings or about 240 gm. of green vegetables daily, as 
a miniimim. (3ther foods were added to make up the necessary 
total caloric intake for each individual. Eighteen grams of Vegex, 
or 30 Harris yeast-vitamin tablets, or 90 gm. of dried brewers’ 
yeast were administered daily by mouth; 10 cc. of solution liver 
extract, Lilly (N.N.ll.),* were injected intramuscularly each week, 
and 10 cc. of a vitamin B concentrate* were injected intramuscularly 
daily in each patient. 

From evidence in the literature, it appears that neural changes 
may result from dietary deficiencies other than a lack of vitamin Bj. 
Mcllanby" suggests that vitamin A is necessary for the integrity 
of the nervous system, and Gildea, ICattwinkel and Castle® pro- 
duced neural lesions in dogs by the use of diets deficient in the vita- 
min B complex. Cowgill ci al.^ have reported demyelination of 
peripheral nerves in dogs deprived only of vitamin Bo (G) and also 
in dogs maintained on the Goldberger 195 diet.'® The occurrence 
of spinal cord and peripheral nerve lesions in pernicious anemia” 
suggests the possible role of a lack of the “liver extract” factor. 
The influence of malabsorption from the intestinal tract in the 
]iroduction of polyneuritis has recently been reviewed.” These 
facts led to the employment of diets adequate in all respects, and, 
in addition, to the parenteral administration of both vitamin B 
concenti-ates and liver extract. 

lyiien this study was commenced it was found that even endless 
patience and skilly on the ])art of the nursing staff was insufficient 
to make these patients eat tlie requisite food, owing to the anorexia 

Kindlj- supplied In’ Eli Lilly and Company, Indianapolis, Ind. 
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SO common in “alcoholic” polyneuritis. Accordingly, a decision 
was made to abandon the study in any individual who would not 
eat. It was, therefore, made clear to each of the patients that^ if 
he did not eat all the food presented, the customary postprandial 
whisky would not be forthcoming. Need to carry out this threat 
occurred but once during the course of the 1918 meals served to the 
10 patients. 

Residts. The results obtained during the period of observation 
are .summarized in Table 1. Examination of this data shows that, 
without exception, the polyneuritis of each of the 10- patients was 
imiiroved during the constant administration of large amounts 
of whisky. Clinical observation of these individuals revealed no 
differences in the rapidity or degree of recovery of the poly- 
neuritis as compared to similar patients treated without whisky. 

JJiscimion. It is apparent from the above that ingestion of 
alcohol had no demonstrable ncurotoxic effect on peripheral nerves 
when given in amounts up to a quart a day, in patients who were 
partaking of an adequate diet and receiving injections of liver extract 
and vitamin B concentrates. Nevertheless, it remains theoretically 
possible that even smaller quantities of alcohol so administered as 
to raise the blood alcohol to a high concentration might cause 
damage to the peripheral nerves. It is a matter of commonplace 
observation that a pint of whisky ingested at one time on an empty 
stomach will produce cerebral effects far in excess of those caused 
by twice that quantity of alcohol ingested in frequent small amounts 
over a period of many hours. However, polyneuritis has not been 
reiiorted following acute alcoholism except when a definite poison 
such as triorthocresyl phosphate’^ has been ingested with the alco- 
hol, in which case the clinical features of the polyneuritis are quite 
different from those of the polyneuritis associated ivith chronic 
alcoholism. Furthermore, “alcoholic” polyneuritis has not been 
encountered, at least in recent years, among a university group of 
about 7500 young men, some of whom, there is reason to believe, 
not infrequently ingest excessive quantities of alcohol during such a 
relatively short period of time that marked cerebral effects arc 
])roduccd, including unconsciousnc.ss.* 

_ Many years ago, Eijkman” suggested that foods such as polished 
rice, being overrich in starch, produced a substance in the intestine 
which was poisonous to neri'e cells and for which the outer layers 
of rice acted as an antidote. One may similarly argue today that 
alcohol is poisonous to nerve cells unless there is a sufficient amount 
of vitamin B or some other dietary factor present to act 'as an anti- 
dote. Such speculation mu.st remain unanswered for the present. 

The observations reported here do not in any way eliminate the 
possibility that some inqjurity which might have been present in 

* Personal eoiimninie.ation.-: from the v.arious phy.sicians in charge of (ho hoaUh 
of this proup of youiip men. 
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the beverage alcohol consumed by these patients before the onset 
of polyneuritis ^vas responsible for the nerve lesions. However, the 
data presented clearly indicate that tlie administration of pure 
blended whisky in quantities varying from 1 pint to 1 quart daily 
in no way prevents the relief of “alcoholic” polyneuritis when the . 
patients are adequately nourished. 

The clinical and patliologic aspects of the polyneuritis associated • 
with alcoholism are essentially the same as those of tlie polyneuritis 
of beriberi. The dietary histories of tlie patients and the common 
association with easily recognizable deficiency diseases, such as 
pellagra, make it appear probable that “alcoholic” polyneuritis is 
a dietary deficiency disease similar to beriberi. The high incidence 
of gastric secretory defects in these patients suggests that poor 
assimilation of nutriment from the gastro-intestinal tract plays a 
role in conditioning the deficiency state. 

Summary and Conclusions. Ten patients suft'ering from “ alcoholic” 
polyneuritis were allowed to continue their customary daily intake 
of spirituous liquor on condition that they consumed a well-balanced, 
high vitamin diet supplemented with yeast or its products. They 
were further given vitamin B concentrates and liver extract by 
parenteral injection in order to obviate any possible disturbance 
in absorption present in the patients or resulting from their use 
of alcohol. Improvement in the polyneuritis occurred in every 
instance. 

The conclusion is drawn that “alcoholic” polyneuritis does not 
result primarily from a direct neurotoxic effect of alcohol, but is 
probably the result of a dietary deficiency, possibly conditioned in 
some cases by disturbed gastro-intestinal function. “Alcoholic” 
polyneuritis may be regarded as similar to the polyneuritis of beri- 
beri and treated accordingly. 
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SEDIMENTATION TIME AS AN AID IN DIFFERENTIATING 
ACUTE APPENDICITIS AND ACUTE SALPINGITIS. 

C. T. Smith, A.B., M.D., F.A.C.P., THEum Harper, A.B., 
Anna Watson, A.B., 

ROCKY MOUNT, N. C. 

(From the Laboratory Service, Park View Hospital.) 


The rapid sedimentation of erytlirocytes has been observed in 
inflammatory diseases. As a diagnostic aid in differentiating these 
diseases, the consensus of opinion is that it offers nothing more than 
the leukocyte and differential counts.^ 
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In a study of 19 cases of acute salpingitis and 38 cases of acute 
appendicitis, there is a definite suggestion that the sedimentation 
time may be of some value in differentiating these two conditions, 
?/ the duration, of sij.m])toms when the test is made is iahen into con- 
sideration. During the first 24 or even 48 hours after the onset of 
sifinptoms, the sedimentation time is apt to be shorter in acute 
•salpingitis than in acute appendicitis; an occurrence that is not 
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ACUTE APTEKDICITIS AKD ACUTE SALPINGITIS 

uiif.'iilinK, frotiiicnt enougli to be given consideration, as it is 
more nnifonn than citlicr the leukoeyte count or the difVcrcntial. 

3'hese cases were not selected, exccjit tliat care was taken to 
exclude other causes for alteration in tlie sedimentation time; such 
as pregnancy, tuberculosis, hemorrhage, anemia, the puerperal 
state, syphilis, and coincidental infection of other organs. For the 
estimation of the sedimentation time, the Linzenmeier rnethod was 
used: OA cc. of a 5% sodium citrate solution was drawn into a 2 cc. 
Record .syringe. From a vein sufficient blood was drawn to make 
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! Gang, appendicitis 

30 

D. L. .1. 

72 

1 80 

' 12.8 


82 

1 Perf. ai)))endicitis 

31 

II. L. 

72 


i 24,8 

4 5. 

85 

1 Gang, apixindieitis 

32 

E. R. 

72 

1 07 

! 17.1 

5.4 

00 

1 Ac. api)ondicitis 

33 

V. S. 

72 

103 

1 9.2 

' 4.7 

71 

; Ac. appendicitis 

:m 

P. M. W. 

72 

120 

1 18.2 

1 

87 

I Gang, appendicitis 

35 

C. L. D. 

88 

58 

1 19.4 

1 

88 

i Gang, appendicitis 

30 

i D. P. 

120 

41 

1 23.0 

1 4.3 

So 

! Perf. apjjendicitis 

:i7 

1 P. T. 

1 120 

07 

, 14 0 

1 ... 

81 

' Gang, appendicitis 

3S 

W. W. 

' 111 

41 

, 13 0 

: 4.2 

! "‘1 

' Perf. apirendicitis 

AveraRO 

1 50.2 

; <0 

; 18.9 


' 81 .5 



XoTi;. — .Ml these eiiws hiid negative Was^ennanii tests, and wore nocativo for 
tilljereulosis cliniealiy. 
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2 cc. of the mixture. This was mixed then transferred to a 1 cc. 
serologic pipette graduated in 0.01. The time in minutes for the 
erytlirocyte column to reach the 0.18 mark was recorded. 


Tablb 2. — Sai-pingitis. 


Dur. of 

synip- W. B. C. R. B. C. 


No 

Name. 

toms 
(in hra.). 

Sed. time 
(in min.). 

(tliouaande) 
(per c.mm.). 

(millions) 
(per c.mm.). 

Poly, 
per cent. 

1 

N. R. B. 

14 

56 

22.4 

4.8 

77 

2 

L. E. J. 

16 

30 

28.2 

4.0 

87 

3 

M. E. G. 

22 

5S 

28.6 

5.1 

91 

4 

M. M. P. 

40 

46 

12.0 

4.5 

SO 

5 

G. A. W. 

48 

28 

22.8 

■ 4.0 

S3 

6 

N. L. A. 

4S 

59 

25.0 

4.0 

85 

7 

V. H. L. 

52 

42 

20.9 

4.4 

92 

S 

M. E. T. 

56 

31 

25.0 

4.1 

85 

9 

L. C. 

60 

30 

6.2 

4.4 

77 

10 

M. P. 

72 

19 

9.0 

4.2 

74 

11 

L. J. P. 

72 

28 

17.2 

4.3 

89 

12 

I. McG. 

72 

34 

8.2 

4.8 

65 

13 

E. G. B. 

72 

35 

16.8 

4.3 

87 

14 

A. W. 

76 

45 

14.6 

4.9 

87 

15 

E. W. 

96 

77 

7.4 

4.6 

00 

16 

E. F. G. 

96 

40 

15.4 

4.0 

83 

17 

S. B. G. 

120 

65 

10.4 

4.3 

71 

IS 

A. M. A. 

120 

38 

8.4 

4.9 

81 

19 

W. W. 

144 

27 

13.0 

4.2 

74 

Average 

OS 

41.7 

10.7 


80 


Note. — All these cases showed acute salpingitis at operation, had negative Wasser- 
mann tests and were negative for tuberculosis clinically. 


It will be observed in Chart I that in the cases of acute appendi- 
citis, the sedimentation time is likely to be prolonged well over an 
hour within the first 48 hours after the onset of symptoms. After 
the 48 hours, there is a definite tendency for the sedimentation time 
to be shortened. On the other hand, in the cases of acute salpingitis, 
the time is not so prolonged, even in the 24-hour period from the 
onset of symptoms. 

In accounting for this difference in the behavior of the sedimenta- 
tion time in the two conditions, there can be no assumption that 
the difference in the infecting organism can be a factor. It may, 
however, be due to difference in the two organs as regards their 
function and nerve supply. The appendix is supplied by both 
sympathetic and parasympathetic ner\'e fibers. Gastro-intestinal 
symptoms occur for some time before there is any tenderness local- 
ized over the region of the apiiendix. Furthermore the appendix is 
a vestigial organ which is capable of only slight distensibility before 
it begins to cause sjunptoms. The Fallopian tube has only sympa- 
thetic nerve fibers;- it is a functioning organ which is capable of 
relatively great distensibility before causing symptoms. In Chart I 
it is shown that with the duration of the infection the sedimentation 
time becomes shortened in the case of acute apiicndicitis, and it may 
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be inferred that this is probably what happens in acute salpingitis. 
But in the case of salpingitis, tlie infection progresses furtlier before 
giving syjnptoms. Therefore, the sedimentation time in acute 
salpingitis is shorter in the first 24 and 48 hours after onset of symp- 
toms, because the infection had been there many hours before it 
began to cause symptoms. 

Charts II and III are presented only to show that the leukocyte 
and differential counts are nothing like as uniform as the sedimen- 
tation time in differentiating the two diseases. 

REFERENCES. 
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ACUTE EOSINOPHILIC LEUKEMIA. 

By D. .1. Stephens, M.D., 

INSXnUCTOn in medicine, the university of ROCHESTER SCHOOL OF MEDICINE AND 
dentistry; assistant PHY'SICIAN, STRONG MEMORIAL HOSPITAL, 
ROCHESTER, N. Y. 

(From the Department of Medicine, the University of Rochester School of Medicine 

and Dentistry and the Medical Sen’ice of the Rochester Municipal Hospital.) 

The available literature contains reports of 3 instances of acute 
leukemia characterized by a preponderance of eosinophils in the 
peripheral blood and in tissue infiltrations.’ The following case, 
with detailed postmortem observations is of interest because of 
the ajiparent rarity of the condition. 

Case Report. D. K., a 17-year-old schoolgirl, was admitted to the 
Rochester Municipal Hospital on April 21, 1934. For the past 2 or 3 months 
small areas of discoloration of the skin had been noted from time to time. 
During this period her- parents had noted gradually increasing pallor and 
limitation of exercise tolerance. For about 10 days there had been constant 
headache and for 7 days a purpuric eruption over the entire body. For 
24 hours before admission there had been fever and prostration, with cyano- 
sis and progressive dyspnea. The family historj' and the past historj' con- 
tributed nothing of importance. 

At the time of examination, the rectal tem]ieraturc was 39° C. ; respiration 
oG per minute. The patient was semi-comatose with marked cy.anosis 
of the face, lips and nail beds. The skin of the face, trunk and extremi- 
ties was covered with an cccbjunotic and petechial eruption. Numerous 
petechia' were scattered over the mucous membranes of the mouth and the 
conjunctivie. A feiv small discrete nodes ivere felt on either side of the neck 
and in the right axilla, but there w'as no other glandular enlargement. 
Ixnul, moist rales were heard in both lungs. The heart W'as not enlarged to 
percussion; the sounds were very faint and of poor quality. The pulse 
was imiicrccptible and the blood pressure could not be obtained. The spleen 
and liver were not palpable. The tendon reflexes could not be obtained. 

White blood cells numbered 130,000 per c.mm. The differential count 
w.ns .as follow.s: neutrophilic stab forms, 0.2%; segmented neutrophils, 
9.8; eosinophilic stab fonns, 1; segmented eosinophils, G7.0; neutrophilic 



3SS 


STEPHENS: ACUTE EOSINOPHILIC LEUHvEMIA 


inyeIoc 3 "tcs, 2.6; mj’eloblasts, 16.6; IjTiiphocj'tes, 2.2, The size and number 
of the granules in the eosinophils varied considerablju two and three lobed 
nuclei predominated. In counting 500 leukocjdes, one nucleated red blood 
cell was encountered. There was almost complete absence of platelets 
in the smear. Tlie blood Wassermann reaction was negative. It is unfor- 
tunate that there was no opportunitj’’ for more detailed laboratorj’’ studies. 
It was apparent from the appearance of the skin and mucous membranes 
that there was a moderatelj'^ severe anemia. 

The patient was admitted to the hospital at 2 a.ji. and died 6 hours later. 

Autopsy (Dr. Fischer, 2 hours after death). The bodj"^ was that of a 
well developed and nourished white female. There were small petechia) 
in the sclera) and conjunctiva), the skin over the entire bodj’^, and at the tip 
of the tongue and in the mucous membranes of the mouth. The gums were 
pale and boggj'. 

Lymphatic System. There was no general glandular enlargement. A 
few discrete, shotty nodes were felt in both cervical triangles and there were 
several small glands in the right axilla. The abdominal Ijrniph nodes , and 
those at the hilum of each lung were small, pale and on section appeared 
quite cellular. There was one large gland at the hilus of the liver; on section 
this gland showed a gra 3 dsli, cellular, surface with numerous small petechia). 
Eetroperitoneal and pelvic glands did not appear grossl 3 '^ abnormal. 

Henri. There were numerous small, subepicardial hemorrhages. The 
endocardium was dull, with numerous petechia). The m 3 fOcardium was 
mottled, pinkish- 3 'cllow. On the cut surface, the inner two-thirds of the 
heart wall was 3 ’’ello wish-red, quite dull and opaque, as if extensivel 3 ^ necro- 
tic. At one conunissure of the pulmonic valve there was a small, gra 3 dsh 
vegetation, firmh' attached to the vessel wall. There were several mural 
thrombi over the lower half of the inner surface of the left ventricle; man 3 ^ 
of these were firml 3 ' attached. The coronal^’- arteries were patent tlirough- 
out. 

Lungs. The left weighed SOO gm, the right 600; both showed small sub- 
pleural hemorrhages with a mottled gra 3 ush-l)lue surface and felt subcrepi- 
tant throughout. The cut section Avas mottled, with man 3 '^ dark red areas. 
Tiiere was extreme congestion and edema. 

The spleen weighed 150 gm. and Avas quite firm. The cut surface was 
gra 3 dsh-pink, the Malpighian bodies poorty defined. 

The liver Aveighed 1425 gm. The capsule AA-as smooth and transparent. 
The cut surface AA-as mottled, 3-elloAA-ish-broAA'n in color. The portal areas 
Avero gra3- and opaque. Xo hemorrhages AA-ere seen in liver or spleen. 

Tlie kidneys each Aveighed 115 gm. and were similar in appearance. The 
capsule stripped casil3-, leaving a smooth surface AA-ith numerous petechial 
hemorrhages. The cut surface AA-as pale. The mucosa of the kidney peh-is 
and of the ureters shoAved man3- petechia). 

Gastro-intestinal Tract. Tliere AA-ere 103113- small petechia) in the mucosa 
of the stomach and intestine and on the serosa of tlie small and large intes- 
tine. The solitain- follicles and Pe3-cr’s patches Avere not more conspicuous 
than normal. 

Pelvic Organs. The bladder mucosa shoAA-ed 103113- petechial hemorrhages. 
The uterus contained a small lilood clot. No thrombi Avere found in the 
pelvic vessels. 

Bone Marrow. IMarroAV from the middle third of the femur Avas grayish- 
pink in color and ap]ieared quite cellular, as did the sternal, vertebral and 
rib marroAV. 

The hrain Aveighed 1300 gm. The ineninges AA-cre thin and transparent. 
Small petechial hemorrhages Avere seen both on the surface and cut surfaces. 
In some regions there Avere small areas Avhich appeared someAvhat softer 
than the surrounding tissue. 




Fig. 1.— Photomicrograph of section of bone marrow from tho middle third of the 

femur. (X 970). 



Fig. 2.— Photomicroprapli of section of spleen (X 970). In Ixjth Fig. 1 and Fig. 2 
the cells with granular cytoplasm are eosinopliils. 
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Ivlieuoscovic Notes. Han-f. In the snbcpicardiul fat a few eosino- 
philic pohinorphoniiclear cells ■were sceiu The inner half of the ventricular 
wall showed extreme inflammatorj'^ changes. There was partial or complete 
necrosis of much of the muscle. The necrotic areas were densclj infiltrated 
with cells, most of which were eosinophils. An occasional eosmophilic 
mjTlocyte, neutrophilic myelocj^te and yerj" rare adult neutrophil could 
be identified. Manj' bacteria were seen in the necrotic areas and many of 
the small vessels contained infected thrombi. There was no evidence of 
healing. The endocardium was greatlj’’ thickened, infiltrated with cells 
and covered by antemortem blood clot. The outer half of the ventricle 
showed cloudy swelling only. 

Lungs. There were small hemorrhages beneath the pleura and marked 
edema and congestion. Many alveoli were filled with well preserved red 
blood cells and only a few "white blood cells. In some areas the alveoli 
contained an intensely cellular exudate consisting cliiefly of eosinophils. 
Occasional eosinophilic and neutrophilic myelocytes were seen, with very 
rare adult neutrophils. There was verj"^ little peribroncliial infiltration. 

Spleen. The pulp was densely infiltrated vdth cells, many of which 
were eosinophils. Bare myelocjdes and neutrophilic poljunorphonuclears 
were scattered in small numbers among the numerous eosinophils and 
mononuclears. In some areas the infiltration was so dense that there 
appeared to be necrosis of the splenic pulp. The majority of the mono- 
nuclears were similar to those predominating in the bone marrow and 
occurring in large numbers in the lymph glands and portal spaces of the 
liver. These cells were obviously early cells, relatively undifferentiated^ in 
the hematoxylin and eosin sections. The nuclei were pale and occupied 
nearly all of the cell area; the cytoplasm was scanty and withovit granula- 
tions. Rare megakarjmeytes were seen. The Malpighian bodies were 
small. 

Liver. There was a moderate cloudy swelling nith a few small areas 
of hemorrhage. Scattered eosinophils were seen in the sinusoids. The 
portal spaces showed a moderate infiltration with eosinophils and small, 
round mononuclears. 

Kidneys. Occasional isolated hyalinized glonienili were seen. Tliere 
were a few small areas of hemorrhage. Between the tubules there were 
small collections of cells, for the most part eosinophils and small round cells 
with pale nuclei and verj' little cytoplasm. 

Uicnis. The musculature appeared normal but scattered eosinophils 
were seen between the muscle bundles. 

Lymphatic Sy.sicm. The lymph nodes were verj’’ cellular but the normal 
structure could still be made out. The sinusoids contained many eosinophils 
and rare neutrophilic myelocytes and polymorphonuclears. There were 
large numbers of small, pale mononuclears similar to those seen in the spleen, 
kidneys and portal spaces of the liver. Several of the glands showed areas 
of hemorrhage. Occasional mcgakarj'-ocytes were seen in the sinusoids. 
A few isolated nucleated red blood cells were identified. There was no 
evidence of fibrosis. 

Bone Mcirrom. At the time of autopsy, 2 hours after death, a sample of 
sternal bone marrow was obtained and emulsified in the patient’s serum. 
Tile cellular suspension was studied in supravital preparations stained with 
neutral red and Janus green and in fixed films stained with AVright’s stain. 
iJmcrcntial count of 1000 cells in the fixed prcjiaration was as follows: 
neutrophilic myeloc\-tcs, 0.2%; eosinophilic myelocytes, 0.9; eosinophils 
mth single lobe nucleus, 0.1; co.«inophils with two lolied nucleus, 0.2; blast 
cells, _.)S.(). The blast cells presented pale nuclei, which in manj' instances 
contained nucleoli; the cytopIa.sm was modcratelv to deeply ‘basophilic, 
without specific granules. No adult neutrophilic' cells rvere seen. Yerj^ 
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rare niegaloblasts, crj'tliroblasts and normoblasts were seen but none were 
encountered in the differential enumeration of 1000 cells. Xo megakaryo- 
cjdes were seen in either the fixed or supravital preparations. With the 
supravital stains the predominant cell was a rather small, mononuclear 
cell, the cytoplasm of which contained manj' mitochondria; a few of these 
cells contained one or two fine neutral red granules. It was thought that 
the majority of these cells were myeloblasts or “A” myelocytes (Sabiji). 

Sections from the marrow of the middle third of the femur, rib, vertebra, 
and sternum (hematoxjdin and eosin and Giemsa) appeared verj' cellular, 
■with the marrow spaces packed with small mononuclear cells similar to 
those described in the spleen, lymph glands, kidnej^s and portal spaces of 
the liver. Immature eosinophils were very conspicuous and numerous. 
In some areas eosinophilic mjTlocj'tes were so abundant that they com- 
pletely dominated the picture. In other areas the}’- were less prominent 
but always present in large numbers. Only occasional neutrophilic myelo- 
cytes and nucleated red blood cells were found . A few scattered megakaryo- 
c5d.es were seen. 

Brain. The mcnuiges were somewhat thickened and infiltrated with 
cells, man}’- of which were eosinophils. Many of the small vessels in the 
meninges and in the brain substance contained thrombi. Small areas of 
liemorrhage into the brain substance were seen and there were several small 
areas of encephalomalacia. 

Anatomical Diagnosis. Acute leukemia, ■nith infiltration of bone marrow, 
spleen, l}’mph glands, liver and kidneys. Bronchopneumonia. Acute 
myocarditis ■ndth necrosis. Mural endocarditis. Thrombi in small radicals 
of cerebral vessels wth focal areas of hemorrhage and encephalomalacia. 
Hemorrhages into skin, mucous membranes and viscera. 

The clinical and pathologic observations establish the diagnosis 
of leukemia. The short duration of the illness, the presence of 
numerous very iinmatiue cells in the peripheral blood and tissue 
infiltrations, the terminal piu-pura and necrotizing infections are 
characteristic of the acute form of the disease. In vie-w of the great 
predominance of eosinophils in the blood and tissues, the term 
“acute eosinophilic leukemia” is useful in dift'erentiating this from 
other types of myelogenous leukemia. There was no clinical or 
pathologic evidence of trichiniasis, Hodgkin’s disease or other 
condition which might have contributed to the striking eosinophilia. 

Discussion. Previously recorded cases of acute eosino])hilic 
leukemia conform to the above description of the disease except 
for minor details. (Schinidt-Weyland^, Hay and Evans- and 
iMcCowan and Parker^). 

Our case differs from these 3 chiefly in the longer duration, the 
presence of many myeloblasts in the peripheral blood, in the severit}’ 
of the hemorrhagic phenomena and in the occurrence of terminal, 
agranuloc}'tic inflammatory changes. 

Acute leukemia is usually characterized by the extreme immatur- 
ity of the type cell in the peripheral blood and in the tissue infiltra- 
tions. In all 4 recorded instances of acute eosinophilic leukemia, 
however, the predominant cell in the peripheral circulation has 
been the adult eosinophil, with smaller numbers of cells of varying 
degrees of immaturity. Panton, in his discussion of the paper of 
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IN'IcCowan and Parker, ^ doubts the diagnosis of acute leukemia in 
such patients because of the predominance of mature forms in the 
jieripheral blood. In spite of this unusual finding, the characteristic 
clianges in the various organs liave been those of undoubted leuke- 
mia in the 3 cases in which satisfactory autopsy material has been 
available for study. Hay and Evans observed that practically all 
of the eosinophils in the spleen and lymph nodes were mature forms, 
with very few eosinophilic myelocytes. They concluded that there 
was no histologic evidence of local production of eosinophils in any 
of the organs e.xcept the bone marrow. To investigate this point 
further, differential counts of the eosinophils were made by us in 
tlie fixed sections of various tissues of the patient here recorded. 
In appropriate sections, examined under the oil-immersion objective, 
the larger, non-lobulated, rather light staining nucleus of the myelo- 
cyte could be accurately differentiated from the smaller, lobulated, 
darker nucleus of the adult eosinophil. These differential counts 
(Taljle 1) show a proportion of myelocytes to adult eosinophils 
significantly higher in the bone marrow, spleen, lymph nodes and 
portal spaces of the liver than in other tissues. In these areas 
there were also large numbers of immature mononuclear cells with 
pale nuclei, similar to the predominant cells in the bone marrow 
thought to be very early myelocytes or myeloblasts on the basis of 
their supravital staining reactions. It seems reasonable to conclude 
from this evidence that the above mentioned areas were partici- 
pating in the active production of eosinophils. 


Table 1. 


Tissue. 

Eosinopliilic 
mycIocj'tcB 
(per cent) . 

Adult 
eosinophils 
(per cent). 

Bone marrow (femur) 

. . 9C.5 

3.6 

Spleen. 

. . 17.5 

82.6 

Abdominal lymph gland .... 

. . 28.5 

71.5 

Liver (portiil spaces) 

. . 24.0 

70. 0 

Liver (sinusoids) 

. . 7.0 

93.0 

Lung d>ronchopnoumonia) , . . , 

. . .3.5 

96.5 

Heart (necrotizing myocarditis) 

. . 4.5 

95.5 

Infected mural thrombus , . . , 

. . 5.6 

94.5 

is of interest that the exudate 

in the areas 

of inflammation 


was composed almost entirely of adult eosinophils. Numerous 
lymphoid and other mononuclear cells were present but adult neutro- 
phils were exceedingly rare. There was widespread necrosis and 
very little evidence of healing. The changes in the inflammatory 
areas suggested those seen in agranulocytosis excejit for the pres- 
ence of large mimliers of eosinophils. The striking lack of neutro- 
liliils ill the peripheral blood and tissues is easily understood; neu- 
trophilic myelocytes were extremely rare in the bone marrow and 
tliere was no evidence of any significant extramedullary neutrojihilic 
myclopoiesis. These observations are in accord with those of 
Jaffe,-' who has shown that the inflammatory defense response in 
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leukemia depends on the presence of myeloid tissue able to produce 
a sufficient number of mature neutrophils. Apparently the eosino- 
phil is unable to assiune the responsibilities of the neutrophil in the 
inflammatory defense reactions of the body. 

Summary. A patient with acute eosinophilic leukemia is de- 
scribed. The clinical and pathologic featiu-es of the disease are 
similar to those observed in other types of acute leukemia, except 
for the type and maturity of the affected cell group. Evidence of 
extramedullary production of eosinophils is presented. Lack of 
adequate neutrophilic myelopoiesis was reflected in the scarcity 
of neutrophilic granulocytes in the necrotizing inflammatory exu- 
dates, which were composed chiefly of adult eosinophils. 
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A QUANTITATIVE STUDY OF EENAL INJURY IN A CASE OF 
ACUTE POISONING BY BICHLORID OF MERCURY. 

WITH A NOTE REGARDING TREATMENT. 

By R. H. Freytierg, 

INSTRUCTOR AND RESEARCH ASSISTANT IN INTERNAL MEDICINE, 

AND 

F- H. Lasibiet, 

ASSISTANT PROFESSOR OF INTERNAL MEDICINE, DEPARTMENT OF INTERNAL 
MEDICINE, UNIVERSITY OF MICHIGAN MEDICAL SCHOOL, ANN ARBOR, MICH. 

Xx'MERors articles have appeared dealing with various aspects 
of acute mercury poisoning, both experimental and clinical. How- 
ever, a careful study of the renal injury by means of recently 
improved kidney function tests, and as reflected by the quantitative 
study of abnormal aspects of the urine, is conspicuously lacking. 
It therefore seems timely to report such a study, made of a case of 
acute poisoning by mercuric chlorid, recently observed in our 
LTniversity Hospital. 

Case Report. At .about 4.30 a.m. on Decembor IS, 1933, Mrs. B. V., 
aged 20, in an attempt to commit suicide swallowed half a gla.ss of water 
into which were stirred “10 to 15 t.ablets” of mercuric chlorid. Each tablet ■ 
contained 0.12 gm. of the salt. The total dose therefore was approximatelj’' 
1.5 gm. About 10 minutes after ingestion of the poison, she vomited. 
Five minutes later she was caused to drink 3 pints of milk containing the 
whites of 5 eggs. Frcciuent emesis followed. She was admitted to the hos- 
pital 1-1 liours after ingesting the poi.«on, complaining of wcaknes.s, burning 
sensation in the moutli and pharj'nx, and ei)igastric pain. 

On admission the patient was rational, oriented and cooperative. She 
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did not appear to be sniTering. She was slightly pale. The pupils were 
equal moderatclj'^ dilated, and reacted norniall}’' to light and in accoinmo- 
dation. The ocular fundi were normal. The tongue and throat were red. 
Examination of tlie neck was negative. The lungs were clear. The heart 
was of normal size. Cardiac rh 3 dhm was regular. There were no murmurs. 
The pulse rate was 90. The blood pressure was 94/70. There was slight 
tenderness in the epigastrium and right upper quadrant of the abdomen. 
The extremities appeared normal. The tendon reflexes were normal. 

The blood Kahn reaction was negative. The hemoglobin was 96% 
(Sahli). Tlie red blood cell count was 5.33 million; leukocytes, 25,000 per 
c.mm., rnth 95% neutrophils. The red blood cells and platelets were 

normal. _ . , - i r 

On admission the patient’s stomach was washed rvith a 5% solution of 
sodium bicarbonate. She was given 30 gm. of magnesium sulphate. The 
colon was irrigated. Several eggnogs were ingested during the first few 
hours in the hospital. Because the patient was unable to retain ingested 
food and fluids, the administration of intravenous fluids was begun on the 
morning of admission. On the first, second and third da}^s, when vomiting 
was most profuse, both physiologic sodium chlorid, and 5% glucose solu- 
tions were given. Subsequently, 5% glucose alone was used. An average 
of 5000 cc. of fluid were given intravenously daily for 22 days. Each of 
the first 4 days the patient received 1 gm. of sodium thiosulphate and 
3 gm. of sodium bicarbonate intravenously. Bowel movements were 
initiated by means of a tap water enema daily for 15 days. 

The patient became progressivelj"^ more ill during the first 5 days. ‘Weak- 
ness was marked. Nausea and vomiting were particular^ troublesome. 
During the first 5 days the vomitus was bloody. Diarrhea did not occur. 
On tlie fourth clajq slight uterine bleeding began. (She had an abortion 
10 weeks prior to admission, and since that time had had irregular uterine 
bleeding.) 

On the fifth day the patient was very ill. Throughout most of the day 
she was semicoinatose. On the following da 3 ’^ the patient became oriented 
and fully conscious; hoivcver, she remained critically ill. Anorexia, nausea, 
gastric distress and vomiting continued to be the predominant features 
of her illness. Attempts to eat and drink w'cre followed by vomiting. 

Her condition did not change essentially until the 14th da 3 ' when she 
complained less of nausea, and seemed brighter and more responsive. 
From this time on there ivas progressive improvement. About the 17th 
day she began retaining sips of water and small amounts of liquid nourish- 
ment. Her ability to retain ingested food and fluid gradually increased, 
but not sufficiently to permit the stopping of intravenous fluid until the 
23d day. .She was then given abundant fluids orally, and a soft diet con- 
taining about 50 gm. of protein daily. Improvement continued and the 
liafient was discharged from the hospital on Januar 3 >- 15, 1934. She was 
advised to continue restriction of activity, copious intake of fluid and the 
soft diet with restricted protein. 

Frequent visits as an out-patient allowed us to follow' her subsequent 
course, until we considered complete cure had resulted, 31 montlis after 
the poisoning. 

Renal SWdies. Throughout the illness quantitative studie.s of the 
kidney injury were made. Renal function was measured b.v the 
urea clearance method of \’an Slykc,i hy concentration test accord- 
ing to the improved technique of Lashmet and Xewburgl),- and 
b 3 - i)licnolsulplioncphthalein excretion. Proteinuria was measured 
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by the Lashmet-Newburgh method.® Formed elements in the 
urine were counted after the manner described by Addis.^ Frequent 
determinations of the non-protein nitrogen in the blood were made. 

The urinary abnormalities and blood findings appear in Table 1. 
The results of the renal function studies, together with some of the 
other more important data, are presented graphically in Fig. 1. 

Table 1. — Urine and Blood Findings. 


Urine findings. 


Blood findings. 


Date. 

Vol- 

ume, 

cc. 

Reac- 

tion 

to 

lit- 

mus. 

Protein, 
gm. per 
24 hrs. 

Formed elements excreted per 12 hours.* 

Hemoglobin, %. 

Red blood cells, 
millions per o.mm. 

White blood cells, 
per c.mm. 

Non-protein nitrogen, 
mg. %. 

Casts. 

Renal 

epithelial 

cells. 

Leuko- 

cytes. 

Erythro- 

cytes. 





Many hyalin ! 







Deo. 18 

1700 

Acid 

8.5 

and granular 

90,000.000 

Few 

Few 

96 

5.33 

25,000 


19 

2400 

Acid 

22.0 

185,000 

144,000,000 

Few 

2,232,0001 




45.1 





hyal. and gr. 








20 

4400 

Aik. 

12.0 


489,000,000 

Few 

3,720,000 





21 

3900 

Aik. 

3 7 


318,000,000 

1,344,000 

17,550,0001 




46.9 

22 

4800 

Neut. 

2.45 

298,900 

51,319,000 

1,344,000 

895,000 



12,200 

39.7 





hyalin 








23 

3800 

Neut. 


672,000 

27,580.000 

1,515,960 

2,122,344 





24 

3630 


l.'2'4 









25 

3600 

.. 

0.72 









26 

2180 


0.56 








53.1 

27 

6090 







88 

5.8 

11,200 


28 

3280 


b.'sf 









29 

4850 


0.66 








57.0 

30 

5060 


0.55 









31 

3160 


0.99 









Jan. 1 

4000 











2 

5580 


0.60 









3 

3700 

Acid 


230,000 

1,500,000 

Few 

2,500,000 





4 

4570 










32.9 

5 

4000 


2 .'5} 




Grossbloodt 




32.6 

6 

3460 











7 

3420 











8 

4700 


1.71 









9 

2250 


0.42 









10 

2300 


0.36 









11 

1550 











12 

1700 


0.40 





67 




13 

2020 


0.30 





69 




14 

2700 


Trace 









27 


Acid 

Faint 

35,064 

057,000 

11,000,000 

2,235,000 








trace 

hyal. and gr. 








Feb. 7 


Acid 

0 

0 

0 

Few 

0 





28 


Acid 

0 

0 

0 

Few 

0 





Apr. 5 


Acid 

0 

0 

0 

8,605,000 

210,000 

85 

4.8 

8,900 



• At times urine collected for urea clearance tests was used for counting formed elements in the sediment. These counts 
were converted to values per 12 hours, 
t Urine obtained by catheter, 
t Uterine bleeding occurred on these days. 


Gross urinary abnormalities existed during the first few days. 
Proteinuria was great during the first 3 days, the maximum amount 
of protein (22 gm.) being excreted on the second day. It gradually 
diminished after the third day, although it persisted for more than 
6 weeks. Sporadic increases are noted at times when uterine bleeding 
occurred. 
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Cylindruria was also great during the first few days. The max- 
imum was recorded on the sixth day. When the urine was alkalm 
cast counts were not attempted. Casts were found as long as there 
was proteinuria. , 



■■niH 

{■BBniMHiBiH ■■MiB 





PERCENT 100 
90 


CLEARANCE 


SPECIFIC GRAVITY 
1.032 

CONCENTRATION ,030 



MOMS PERCENT 

BLOOD Z 

NON-PROTEIN ° 

NITROGEN 3° 




GMiPERIPHRS b-PEGMS 


PROTEINURIA 


DATE 16 21 24 27 30 2 5 8 II 14 

DECEMBER 1933 JANUARY 1934 


l-l 101 lol 

27 7 28 

FEBRUARY 


Fig. 1. 

Bloody urine (uterine bleeding). 
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The most I'emarkahle abnormal finding in the nrine Avas the 
excretion of huge numbers of renal epithelial cells during the first 
few days. These cells AA’ere excreted in increasing numbers until 
the third day, when the maximum of 489,000,000 were found in a 
12-hour period. There Avas a rapid decrease in the excretion of 
renal epithelium after the third day, although these cells AA’ere seen 
in small numbers as long as proteinuria AA'as obserA’^ed. 

The number of leukocytes seen in the urine AA^as ncA’er strikingly 
abnormal. 

EA^aluation of the erytlu-ocytes obserA^ed in the urine is difiicult 
due to the fact that uterine bleeding occurred at times. HoAveA^er, 
the urine obtained by catheter on the second day contained slightly 
more red blood cells than AA'as obseiwed in normal indmduals by 
Addis.® 

The renal function studies, and especially the results of the 
frequent urea clearance tests, are most instructiA'e. * The urea 
clearance test shoAAm on the graph for the first day AA'as done 6 hours 
after the patient AA'as admitted {7h hours after taking the poison). 
This early kidney function A\’as only 34% of normal. The function 
continued to fall until it reached the Ioaa' A'alue of 5% of normal on 
the fourth day, after AA'hich it remained betAA'een 10% and 17% for 
2 weeks. Throughout this time the blood non-protein nitrogen 
rose only slightly, the highest A’-alue (on the tAA'elfth day) being 
57 mg. per 100 cc. of blood. There AA'as a gradual increase in the 
urea clearance during the third and fourth AA'eek, but by the time the 
patient AA'as discharged from the hospital it had risen to only 39% 
of normal. 

On the patient’s first return Ausit, January 27, she felt much 
improA'ed. Urea clearance AA'as 46% of normal. On this date a 
concentration test AA’as done. It shoAA'ed impairment of renal fiinc- 

* In doing the urea clearance tests, the method used to determine the urea content 
of blood and urine requires the digestion of urea by the enzyme urease. It is known 
that mercury, if present in a sufficient quantity, interferes udth the activity of urease. 
Since mercury is excreted in the urine of patients poisoned with bichlorid of mercury, 
it was necessary to determine whether the sample of urine used in performing those 
tests contained enough mercury to interfere with the urease digestion. Accordingly, 
urease digestions were carried out on standard solutions of urea, to which different 


amounts of mercuric chlorid were added. 
Following are the results: 

Added HgCh, 

Added mercury, 

Digestion, 

mg. 

mg. 

%. 

0.02 .... ... 

. . 0.014S 

100 

0.03 

. . 0 . 0222 

90 

0.04 

. . 0.0295 

87 

0.06 

. . 0.0443 

SI 

0.10 

. . 0.0739 

50 


These findings show that there is no appreciable interference with urease acti\'ity 
unless 0.03 mg. of mercury is present. Considering the large volume of urine 
excreted by this patient each day, it is unreasonable to believe that the concentration 
of mercury in the urine was sufficiently great to interfere with the activity of urease. 
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tion. The maximum specific gravity was 1.025.^ Normally, by 
the technique used, it is 1.029 or above. Excretion of 6 mg. of 
intravenously injected phenolsulphonephthalein was as follows. 
30 minutes after injection, 40% return of dye; 60 minutes, 10%; 
120 minutes, 10%; a total of 60%. _ On February 7, for the first 
time, the urine showed no abnormality. The urea clearance, how- 
ever, remained below normal, being only 66%. On February^ 28, 
the same urea clearance value was observed. On this day the patient 
complained that her hands felt swollen. No edema was observed. 
Blood serum showed the following protein content: Total protein, 
7.2 gm. per 100 cc.; albumin, 4.75 gm.; globulin, 2.45 gm. The 
albumin/globulin ratio was 1.9. 

The patient was not seen again until April 5, 1934, On this date 
she returned feeling entirely well. She had gained 5 pounds in 
weight. Increasing activity had been attended by no symptoms. 
Physical examination was negative. Urinalysis showed no abnor- 
mality. Urea clearance was 92%. Concentration test showed 
normal ability to concentrate the urine, the maximum specific 
gravity being 1.032. Excretion of 6 mg. of intravenously injected 
phenolsulphonephthalein was also normal : 30 minutes after injec- 
tion, 50% return of dye; 60 minutes, 15%; 120 minutes, 10%; a 
total of 75%. Since there was no evidence of renal damage, the 
patient was considered completely cured. 

Discussion. The most interesting aspect of this case is the course 
of the renal changes. Within a few hours after ingestion of the 
nephrotoxic substance, marked renal damage existed as shown by 
gross proteinuria, cylindruria, the excretion of large numbers of 
renal epithelial cells, and serious impairment of kidney function. 
Seven and a half hours after the poisoning the urea clearance was 
only 34% of normal, and the very low level of 5% of normal was 
reached on the fourth' day. The renal function remained at a 
strikingly low level for 2 weeks, after which continued improvement 
occurred. In contrast to the rapid decrease, improvement of kidney 
function was relatively slow, and normal function was not noted 
until 3| months after the poisoning. 

It should be noted that impairment of function existed several 
weeks after the urine ceased to show any abnormality. On each 
occasion when simultaneous renal function tests were done, there 
was good agreement between the results of the concentration test 
and the urea clearance test. 

Of particular interest is the fact that during the time when there 
was marked kidney damage as shown by the low urea clearance 
values, and throughout which time vomiting was profuse, the non- 
protein nitrogenous wastes in the blood were never found to be 
higher than 57 mg. %. This we feel is due to a provision for a 
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bigli fluid intake from the outset, tlius ailowing sufficient solvent for 
excretion of the waste products. 

At this point a brief consideration of the treatment of acute mer- 
curial poisoning is apropos. Therapy for this type of poisoning can 
be divided into four main headings : (1) measures to prevent absorp- 
tion and rid the patient of the unabsorbed poison; (2) treatment of 
shock, if it occurs; (3) measures to. detoxify the absorbed mercury; 
and (4) measures to correct, or compensate for, functional dis- 
turbances resulting from the poison. 

There can be no doubt about the importance of preventing the 
absorption of the poison, and of causing its rapid evacuation. The 
methods to be used are too well known to warrant further comment 
here. The suggestion made by Mintz® that, as a . prophylactic 
measure, tablets of mercury bichlorid be coated with an emetic 
such as copper sulphate, seems wise. 

Antishock treaitment is amply discussed elsewhere, and will not 
be dealt with in this paper. 

McBride and Dennie’-® have advised the intravenous use of sodium 
thiosulphate, claiming that detoxication resulted in the body. How- 
ever, the animal experiments of Haskell, Henderson and Hamilton,® 
Melville and Bruger,^® Young and Taylor'^ and others, show un- 
questionably that this medication is of no clinical value. To date 
no successful antidote for absorbed mercury has been demonstrated. 

Measures to be taken to combat the abnormal physiology result- 
ing from damage caused by the poison, deserve more consideration. 
The pathology of greatest clinical importance is, in most cases, 
the kidney damage. That this is rapid in development and causes 
marked impairment of the function of these organs is well illustrated 
by this case. 

It has been demonstrated by one of us (F. H. L.)i® that the dam- 
aged kidney needs much more fluid with which to excrete waste 
products. The amount needed depends upon the extent of the 
kidney damage. If sufficient fluid is provided, even in the presence 
of marked renal damage, there is satisfactory excretion of wastes, 
and retention does not occur. 

The choice of fluid to be administered is important. In most cases 
of mercury bichlorid poisoning, profuse vomiting occurs. In this 
way much of the body chlorid may be lost. Peters, Eisenman and 
Kydd^^'have recently shown that the circulating chlorids are dim- 
inished in most cases of acute mercurial poisoning. They advise 
the administration of a large volume of a physiologic solution of 
sodium chlorid in order to restore normal concentration of chlorid 
in the body fluids. 

Excessive amounts of sodium salts, however, we feel should not 
be given since storage of sodium will increase the tendency to edema 
that is prone to occur in cases of severe poisoning with mercury. 
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Reason for guarding against edema lies in the fact that the kidneys 
will share in any generalized edema, and edema of the kidneys would 
further impair the function of these organs. Consequently, when it 
is desirable to administer abundant fluid intravenously, we believe 
physiologic saline solution should be used only when a definite 
need of chlorid exists. In all other circumstances we prefer to use 
a 5% solution of glucose. The glucose is burned, furnishing a 
small supply of energy, and preventing the occurrence of ketosis. 

That 5% glucose can be administered intravenously in large 
amounts daily for a long time with no harmful results is shown by 
this case. On each of the first 3 days, when vomiting was most 
profuse, 2 liters of physiologic saline were given intravenously, 
followed by 3 liters of a 5% solution of glucose. After the third 
day, 5% glucose alone was administered. An average of 5000 cc. 
were given daily through the twenty-second day. Thus an average 
output of over 3700 cc. of urine occurred daily. It is to be noted 
that in the presence of marked renal damage there was no difiiculty 
in eliminating this large volume of urine and that edema at no 
time was present. 

Conclusions. 1. A quantitative study of the renal injury in a 
case of acute poisoning with bichlorid of mercury is reported. 

2. It is shown that extensive renal damage accounting for marked 
impairment of function occurred almost immediately, and existed 
for several weeks, after which there was progressive but relatively 
slow improvement until normal function returned 3| months after 
the poisoning. Impairment of renal function continued for weeks 
after all urinary abnormalities had disappeared. 

3. The treatment of acute mercury poisoning is briefly discussed. 
The importance of the administration of a large amount of fluids 
from the very outset, to compensate for the impairment of renal 
function, is pointed out. Indications for the use of physiologic 
solutions of saline and of glucose are discussed. 
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ACUTE POTASSIUM BICHROMATE POISONING. 
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Chronic chromium poisoning is met with not infrequently in 
industry, but acute potassium biclmomate poisoning from a single 
large dose taken by mouth is relatively uncommon, 69 cases having 
been reported. Reischer and Glesinger^ in reporting a case made a 
comprehensive survey of 63 cases which they found in the literature. 
They overlooked a case reported by Philipson." Jonsson,® Bernard,'' 
and Biancalani® have reported 4 cases since 1922. 


Table 1. — Urinary Findings. 





i 

Urinary findings. 



Urine. j 

Alb. 1 

1 

Sp. gr. 

N. P. N. 

mg. 

Creatin- 

in 

100 CO. 

Icteric 

index. 

Feb. 






J 

25 

Acetone 1 

++ ' 





27 

Acetone 

+ 





Mar. 







1 

Oliguria 

Few R. B. C. and W. B. C. 1 

+ 

1012 

150 

6.75 


2 

Oliguria 

Few R. B. C. and W. B. C. 

■f 

1010 




3 

Oliguria 

Few R. B. C. and W. B. C. 

1 

1010 



9 

4 

Oliguiia 

Few hyalin and granular casts 
Few R. B. C. 

+++ 

1 

1012 

205 ! 

! 

i 

8 


6 

Oliguria 

Few R. B. C. 

++ 

1010 

200 

7.5 


8 

Sediment — neg. Urine output 







normal 

+ 

1012 

150 

5 


10 

Few W. B. C. (uncatheterized 







specimen) 

++ 

1010 

90 

3.75 


13 

Same 



47.5 

1.9 

9 

15 

Same 



43 

1.5 


17 

Same 



30 

1.3 


22 

Same 



26 

1.2 

S 

29 

Same 


! 

2G 

1 - ■ 

1.15 


June 







28 

Amber — cloudy 

ft. tr. 

1018 

27 

Cholesterol 174 


Acid 

Feels fine. 

gained 

30 lbs.) 

1 Cholesterol 84 






esters 



Micro, few R. B. C. 







Loaded c. epith. cells and bacterial 

i 

1 



B. P. 140/100 
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The following case, the first to appear in the literature of this 
country, is illustrative of those previously described. 

Case Report. Patient I. 0., aged 25, was admitted to the hospital on 
February 25, 1933, complaining of dizziness, intense thirst, vague abdom- 
inal pains, and vomiting of greenish-yellow fluid which was sometimes 
blood streaked. Her illness began on February 23, with a paroxysm of 
vomiting. No other symptoms were elicited. The family and past histones 
were unimportant. 



Fig. 1, — Toxic rash. 


Physical e.xamination revealed a thin, white female, not acutely ill. 
The skin was dry and inelastic. There were no other positive findings. 
The rectal temperature was 100°, pulse 90, respirations 24, and blood pres- 
sure 90/60. The urine showed only 2-1-acetone. The patient was neurotic, 
very uncooperative, and refused the routine blood chemistrjn 
Two days after admission, she complained of a dull pain in the epigas- 
trium and right upper quadrant, which were tender and rigid. The next 
day, the temperature rose to 101°, the pain, tenderness and rigidity became 
more severe and the liver edge was felt 1 inch below the costal margin. 
There was no jaundice, but she continued to vomit once or tivice a day. 
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During the next 4 daj's, the signs and symptonas referable to the liver dis- 
appeared and the temperature became normal. 

Four days after admission, she became more cooperative, and the follow- 
, ing laboratory reports were obtained. The blood Wassermann and Kahn 
tests were negative, the blood count showed 15,000 leukoc 3 des with 87 % 
polymorphonuclear leukocytes and 13% Iymphoc 5 d;es; the red blood cell 
count was 4,300,000 and the hemoglobin 85% (Sahli); the blood non- 
protein was 150 and the blood creatinin 6.75 mg. 100 cc. The 24-hour 
urine output was 600 cc.; the specific gravity was 1.012, there was a trace 
of albumin, a few R. B. G. and W. -B. C. With these findings of severe 
nephritis preceded by severe hepatitis, the patient was closely questioned 
but denied having taken any medication before admission. A urine analysis 
was negative for mercury. 

On March 4, the blood non-protein nitrogen had risen to 205 and the 
creatinin to 8. There was still an oliguria and the urinary findings continued 
to indicate renal damage. The feces contained occult blood. At this time, 
the patient did not seem very ill except for the marked dehydration which 
persisted in spite of a large fluid intake. On this day, an erythematous, 
pin-point, macular rash appeared on the arms and legs. It faded on pres- 
sure, and did not itch. It spread rapidly and became confluent. The 
attending dermatologist diagnosed it as a non-specific toxic rash. It began 
to fade on March 8 and disappeared on March 13. 

On March 5, the patient admitted that on February 23d, she had swal- 
lowed a heaping teaspoonful of orange-yellow crystals dissolved in water. 
The original bottle was obtained, and found to contain potassium bichro- 
mate cri^stals. The urine, repeatedly analyzed for chromium, was reported 
positive by Dr. P. A. Riedal, the hospital pathological chemist. This 
was verified by Dr. A. C. Gettler, the New York City toxicologist. 

The blood non-protein nitrogen and creatinin reached normal on March 
17. After the initial oliguria, the urine volume rose rapidly to normal, 
but the specific gravity remained low throughout, and there remained a trace 
of albumin and a few W. B. C. in uncatheterized specimens. The vomit- 
ing ceased on March 12. Fishberg concentration tests were done frequently 
and showed a low fixed specific gravity ranging between 1.008 and 1.012; 
an isolated reading of 1.022 was obtained near the end of her hospital stay. 
Two urea clearance tests (March 22-29) showed 80% of normal function. 
The serum albumin was 2.6 % and the serum globulin was 1.3 % on March 6. 
The cholesterol Avas 160 on March 22. The blood pressure remained low 
tliroughout, averaging about 100/70. The temperature, pulse rate, and 
respiratory rate remained normal except for a temperature of 101° on 
February 28. Roentgenograms of the heart, lungs, and abdomen Avere 
normal. A blood count (March 28) showed 8100 leukocytes, 81% poly- 
morphonuclear leukocytes and 19% lymphocytes; the red blood cell count 
was 3,900,000 and the hemoglobin 70% (Salili). 

The patient Avas discharged on April 2, in good health. She Avas seen 
again on June 28. She Avas enjoying excellent health and had gained 30 
pounds. Her blood pressure Avas 140/100; her N. P. N. Avas 27; her urine 
showed a specific gravity of 1.018, and Avas essentially normal. 

The treatment Avas entirely symptomatic. Fluids Avere administered 
by mouth, hypodermoclysis and proctolysis. High hot colonic irrigations 
were gh’^en when the diagnosis was made. 

Summary. 1. A case of acute potassium bichromate poisoning 
with recoA’^ery is reported. There are no other reports in the litera- 
ture of the United States. 

2. The features of this case are the presence of an enlarged tender 
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liver, a skin eruption and the finding of chromium in the urine, 
Previous case reports fail to mention such findings, 
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THE CLINICAL APPLICATION OF DUODENAL EXTRACT 
(MACALLUM-LAUGHTON) IN DIABETES MELLITUS. 
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(From Dr. Thomas McCrae's Service at the Pennsylvania and Jefferson Hospitals.) 

The possibility that an agent is produced in the duodenal mucosa 
when food is ingested, which activates the internal secretion of 
the pancreas, as secretin liberates the external secretion, was 
considered, in 1906, by Moore et al} These investigators claimed 
benefit from secretin— perhaps unpurified— in the treatment of 
3 diabetics but their findings were not confirmed. In 1 of the 
cases the results seemed conclusive. 

Ivy and Fisher,'^ in 1924, isolated an insulin-like substance from 
the mucosa of the stomach and duodenum, and Dixon and Wadia,® 
in 1926, obtained an insulin-like action with duodenal extracts given 
to dogs subcutaneously. 

Macallum,'* in 1929, stated that, in his belief, there ivas an insular 
hormone produced in the duodenum when sugar entered the intes- 
tine. Heller,® in 1929, found a lower induced hyperglycemia after 
giving an extract of the duodenal mucosa to rabbits and dogs than 
when none was administered. 

In 1930, .Laughton and Macallum® reported that a duodenal 
extract, prepared by them, influenced the curve of an induced 
hyperglycemia in the normal but not in the depancreatized animal. 
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Laughton et al.,’’ in 1931, stated that clinical results appeared to 
parallel those obtained on animals. The beneficial effects were 
confined to the mild diabetic not requiring insulin. There were 
no case reports. 

In 1932, Laughton and Macallum^ reported, in detail, the effect 
of a duodenal extract on dogs and rabbits. This preparation is the 
one used in the present clinical study. The extract, obtained by 
acid extraction from beef mucosa, had no effect on the normal 
blood sugar of rabbits, but it moderated the hyperglycemia arti- 
ficially induced by giving glucose intravenously and when epinephrin 
was given. This effect lasted, after a period of 7 to 10 days’ adminis- 
tration, for about 2 weeks. There was no effect on the normal 
blood sugar or in the totallj^ depanereatized dog, but the partially 
depancreatized dog was benefited bj”^ subcutaneous and oral ad- 
ministration of the extract. It was proved that the extract did 
not contain secretin or insulin. 

LaBarre,® in 1932, obtained by acid and alcoholic extractions 
from the duodenal mucosa a substance which he called incretin. 
Given intravenously, orally or subcutaneously to rabbits and dogs, 
it produced hypoglycemic convulsions and in some instances death. 
Unlike the Macallum-Laughton preparation, incretin lowered the 
blood sugar of the normal dog but it too had no effect on the blood 
sugar of totally depancreatized animals. 

In the fall of 1932, our study with the Macallum-Laughton extract 
on human diabetics was begun. 

The behavior of the blood sugar and its responses to diet and 
insulin are so variable in the diabetic that conservatism must 
attend anj^ conclusions. We must remember that improvement 
may ensue with changes in diet alone. This factor has undoubtedly 
influenced our results, though we believe we have in all fairness 
planned this study in such a way as to assess fairly the actiAuty 
of the remedy employed. 

Methods. Increases in carbohydrate and total calories to the limit of 
tolerance before, and further increases' after beginning the extract have 
been made to observe changes in tolerance. 

In mild diabetics, with a relatively high tolerance for carbohydrate and 
total calories, glucose tolerance tests were employed. The curves obtained 
were used as a measure of improvement. In these tests 100 gm. of glucose 
were given in 250 cc. of water and blood and urine specimens were obtained 
before the glucose was given and at intervals of 1, 2 and 3 hours after. 
These tests were made before, during and at vaijdng intervals after extract 
treatment. 

The free use of tolerance tests in tins study must not be interpreted as 
a usual or common practice in the routine management of our diabetics. 
Aside from this investigation we avoid glucose tolerance tests in aU dia- 
betics except where no other test establishes the diagnosis. Furthermore, 
we have used the tests only when better methods of proof were not appli- 
cable. 

The effect of the abrupt withdrawal of large doses of insulin before and 
after the use of duodenal extract has been observed and the approximate 
period of apparent effectiveness has been roughly estimated by observing 



DUODENAL EXTRACT IN DIABETES JMELLITUS 


405 


laboratory data over long periods. Subsequent increases m the carbohy- 
drate and total calories were made to find the limit of tolerance. 

The blood sugar estimations rvere done by the new Benedict method/® 
in the Jefferson and Pennsylvania Hospitals, until May 1, 1934, when the 
old Benedict method was resumed at the Pennsylvania Hospital. 

The patients were hospitalized throughout the study except when other- 
Vvdse specified. 

IVliile Macallum and Laughton have administered the extract subcu- 
taneously to animals, we have given it by mouth only. At first we gave 
1 gm. i hour before each meal, but as little, effect was obtained in the 
first 2 or 3 days of treatment it seemed that administration in direct rela- 
tionship to meals was unimportant. Larger doses, up to 6 gm. t. i. d., 
did not increase the effect. In fact 0.25 gm. given t. i. d. was suitable 
and we suspect that smaller doses are effective. 

Short courses of treatment, 1 week in each month, were tried when the 
apparent effect was carried over from days to weeks after withdrawal of 
the extract. 

Illustrative Cases. Case 1. — T. G. (Penn. Hosp. No. 17176), male, 
colored, aged 16, was admitted on July 9, 1934, complaining of increasing 
drowsiness, loss of appetite, strength and weight with an unquenchable 
tliirst and polyuria of 4 weeks’ duration. 

Family History. One sister had glycosuria, otherwise unimportant. 
Past illnesses comprised of measles in childhood and he was thought to 
have a mild hypopituitarism (dystrophia adiposa genitalia) in 1930. At 
that time glycosuria, which cleared up promptly, was found. 

Present Illness. Four weeks before admission he lost all desire for 
cigarettes and at the same time weakness, thirst, polyuria, dryness of the 
skin, constipation and anorexia became noticeable. These symptoms in- 
creased in severity until admission. In the month preceding his admission 
he lost in weight from 82 to 71 kg. 

Physical Examination. Pronounced drowsiness, dry skin, nutrition good, 
intraocular tension normal to digital pressure and infected tonsils. The 
heart, lungs, abdomen, genitalia and reflexes were normal; the blood 
pressure was 120/80; height, 7H in. 

Laboratory Data. Heavy glycosuria with strong reactions for acetone 
and di-acetic acid in the urine. The blood sugar was 0.263%, with a severe 
grade of lipemia and a strong positive reaction for acetone and di-acetic 
acid in the blood plasma (Rothera-Wishart test). Additional data are 
included in Table,!. 


Table 1,— Data in Study of Case 1. 


Diite, 1931. 


7/ 9- 7/12 
7/13- 7/22 
7/23- 7/30 
7/31 . 

8/1 . . 
8 / 2 - 8/6 
8/7 . . 

8/8-8/13 
8/14-8/23 
8/24 
8/25-9/5 
9/6-10/5 


Diet. 


I 


P. 


85 

86 
85 
85 
85 
85 

85 

86 
85 
85 
85 
85 


47 

55 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 


C. 


160 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 


Cal. 


1400 

1400 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 


Insulin, 

units. 


44-104 

70-106 

100-109 

None 

98 

None 

71 

106 

None 

110 

110 

None 


Duodenal 

extract. 


None 
None 
None 
None 
None 
None 
i gm. q.i.d. 


None 

None 


Blood 

sugar. 


Glycosuria, 

gm. 


263- 07 
183-100 
103-131 

122 

145-154 

183 

142 

138-119 

126 

126-160 

152-102 


42.6- 60.2 
30.8- 4.2 

3.4-11.9 

14.9 

2.5 

12.7- 31.9 
7.0 

5.3- 7.0 

1. 0- 9.1 
5.8 

2 . 2 - 6.0 

1.0- 9.7 


Wt., 

kg. 


68 

71 

75 


75 


75- 

72 



406 


'DUNCAN, SHUMWAY, WILLIAMS, FETTER: 


He improved steadily. The insulin was increased daily until the blood 
sugar was normal. A gain in weight from 68 kg. on July 10 to 77 kg. on 
July 22 followed the alleviation of the ketosis. 

Progress Notes. Prior to duodenal extract therapy his actual insulin 
requirement was 106 units daily, given in 4 doses. As vdll be seen in 
Table 1, with the blood sugar at 0.103% (July 30) when no insulin was 
given, a loss of 14.9 gm. of sugar in the urine resulted. On the foUovdng 
day, 98 units of insulin reduced the sugar loss to 2.5 gm. Prom August 2 
to 6, when no insulin was given, the Wood sugar steadily increased from 
0.122% to 0.183% (August 7), with an average daily glycosuria of 24 gm. 

With reduction of blood sugar by insulin, duodenal extract (No. 3041362) 
was begun in doses of 0.25 gm. q. i. d. on August 7. During 11 days 
(August 14 to 24) of duodenal extract without insulin an average daily 
loss of 6.3 gm. of sugar ensued, as compared with 24 gm. before the extract 
was given. The blood sugar increased but little (0.133% to 0.138%) 
and then fell to normal. 

That this improvement might be due to an improved tolerance irrespec- 
tive of the extract was considered possible. If this were so then the patient 
would not be expected to tolerate the former dosage of insulin without 
hypoglycemic reactions. A higher dosage, 110 units, was given, and no 
insuUn reactions were subjectively or objectively noted. This dosage was 
continued for 13 days (August 24 to September 5, inclusive), the duodenal 
extract having been stopped on August 24. 

There was an increase in the blood sugar to 0.152% on September 7, 
after stopping 110 units of insulin on September 5, but it decreased on 
September 10 to 0.120%, a lower value than obtained when 110 units of 
insulin were given. There was a slight increase in the sugar loss. After 
a transitory increase in the blood sugar (0.143% on September 14), normal 
values were restored (0.102 to 0.122%, September 9 to October 2). 

We attribute this improvement, without insulin since September 5, to 
the duodenal extract administered between August 6 and 25. 

Glycosuria, due to a proved low renal threshold, persisted throughout. 

A glucose tolerance test on October 5 gave the followng blood sugar 
values: Fasting, 0.113%; 1st hour, 0.177%; 2d, 0.117%; 3d, 0.118%. 
This test was repeated on November 6, the diet having been increased to 
protein, 85 gm., fat, 94 gm., carbohydrate, 150 gm. (1800 calories), on 
October 30, with the following results: Fasting, 0.128%; ^ hour, 0.166%; 
1st hour, 0.147%; 2d, 0.110%; 3d, 0.086%. 

Subsequent tolerance tests on November 13, 20 and 27 revealed curves 
reverting to the diabetic tjqje, the last being: Fasting, 0.146%; 1 hour, 
0.179%; 1st hour, 0.166%; 2d, 0.193%; 3d, 0.154%. The latter course 
to poorer curves may be due, in part, to a larger diet — protein, 85 gm., 
fat, 18 gm., carbohydrate, 400 gm. (2100 calories) — begun on November 8. 

SuMRLARY OF Case. 1. There was an average loss of 24 gm. of 
sugar and the blood sugar increased from 0.103% to 0.183% when 
106 units of insulin were stopped. With the extract, 7 days later, 
the same amount of insulin -was discontinued. A daily average 
sugar loss of 6.3 gm. followed wdiile the blood sugar increased from 
0.133% to 0.138% only, and was followed by a drop to normal, 
0.119%. That this was due to improvement in tolerance without 
any aid from the extract seems unlikely when the patient later 
tolerated a larger dose of insulin, 110 units daily, for a period of 
13 days without insulin reactions. 

2. It Avould appear that the extract continued to exert an effect 
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in this case for at least 73 days after it was stopped as a normal 
glucose tolerance curve was obtained, November 6. A progressive 
decrease in tolerance ensued after this date. 

3. There is no evidence that the effect of the extract is added to 
that of the insulin, but rather that its effect is in abeyance while 
insulin is being given, 

We consider the foregoing as unusual in a young diabetic who was 
in impending coma less than 3 months previously. 

Case 2.— R. M, (Penn. Hosp. No. 31760), a colored male, aged 44, was 
admitted to Dr. McCrae’s service in a semiconscious condition from dia- 
betic ketosis on September 22, 1933. He had no knowledge of having 
diabetes until August, 1933, when weakness, anorexia, polyuria, thirst 
and loss of weight (18 kg. in 6 weeks) we observed. No infection had 
been present nor was any found on admission. 

Past and Family History. Unimportant. 

Physical Examination. Tissues dehydrated; skin dry; blood pressure, 
100/60; tongue and pharynx dry; many carious teeth; soft systolic murmur 
at the cardiac apex; pulse rate, 120; moderate tenderness and rigidity in 
the epigastric region; height, 69 in. 

Laboratory Data. The blood serological tests and, beyond a mild leuko- 
cytosis, the blood counts were normal. There were heavy reactions for 
sugar, acetone and di-acetic acid in the urine. 

Progress Notes. The effect of stopping the insulin before and after 
giving duodenal extract was observed after his recovery from ketosis. On 
Octob^er 8 no insulin was given and on October 9 a small amount of sugar 
was lost in the urine. Insulin (32 units) was given on October 9 but was 
discontinued on October 10. A trace of sugar appeared in the urine on 
October 13, heavier reactions were found in 2 specimens on the 14th and 
in 3 on the 15th, 

Duodenal extract (No. 3005889) was given, 1 gm. t. i. d. before meals, 
from October 14 to 23, inclusive. The glycosuria subsided at once. 

A glucose tolerance test (October 30) gave the folloning blood sugar 
values; Fasting, 0.081%; 1st hour, 0.193%; 2d, 0.196%; 3d, 0.104%. 
The glycosuria amounted to 4.4 gm. 

On November 6, 12 days without the extract, a better curve was obtained : 
1st hour, 0.192%; 2d, 0.139%; 3d, 0.060%. There was a loss of 1.7 gm. 
of sugar in the urine. 

The test was repeated on November 20, but through a misunderstanding 
75 instead of 100 gm. of glucose were given. Allowing for this there was 
continued improvement. In fact, we regard the curve as normal. The 
blood sugar was 0.085% fasting, 0.150% the 1st hour, 0.080% the 2d hour 
and 0.049% the 3d hour. There was a trace of sugar in the urine. These 
results were obtained 27 days after the extract had been stopped. 

In a test on November 12 (49 days without extract) the fasting blood 
^gar was 0.089%; the 1st hour, 0.180%; the 2d, 0.165%; the 3d, 0.090%. 
The test on December 26 (63 days without the extract) was; Pasting, 
0.096%; 1st hour, 0.173%; 2d, 0.190%; 3d, 0.139%. Note the increase in 
blood sugar between the 1st and 2d hours. The glycosuria amounted to 
3.7 gm. 

Further reduction in tolerance was recorded on April 23 1934 The 
peak was 0.224% the 2d hour; 0.144% the 3d hour. Tlie glycosuria 
amounted to 3.2 gm. 

On July 16 (266 days without extract) a still lower tolerance was shown 
^ 0.297% at the 2d hour and a 3d-hour value 

of 0.223%. There was glycosuria (4.8 gm.). At no time was a hyper- 
glycemia found between tolerance tests. 
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Tadm 2.— Data in Study of Case 2. 


Date, 1933. 


Diet. 


1 

Duodenal j 

Insulin, ' 

Blood 

Glycosuria, 

"■1 

F. 1 

C. 

j Cnl. 

extract. 

! 

units. 

sugar. 

enn 

9/22- 9/27 

1 

70 

110 

140 

1830 

1 

None 

! 

40-160 

410-158 

14.1-8.8 

9/2S-10/1 

70 

58 

140 

1360 

None 

120-84 

i 207-66 

Heavy to 0 

10/ 2-10/7 ! 

70 I 

91 

135 

1000 

None 

, 90-24 

182 

0 

10/ S-10/12 

70 1 

91 

135 

1600 

None 

32-0 


0 to trace 

10/13-10/23 
10/24, 1933, to 

70 ] 

1 

91 

i 

135 

1000 

1 gra. t.i.d. 

i 

None 

1 

84-95 

1 Mod. to 0 

4/23, 1934 

70 ' 

1 

91 

1 

135 

1 

IGOO 

None j 

None 

1 

60-118 

0* 


* Glycosuria occurred only after ingestion of glucose as noted in case report.. 


SxDDiARY OF Case. Improvement in the tolerance followed the • 
use of the duodenal extract, greatest 27 days after the withdrawal 
of the extract. Four subsequent tolerance tests showed progres- 
sively poorer curves. 

During the period of improvement the body Aveight increased 
from 67 to 71.8 kg. Further gain (71.8 to 78 kg.) ensued as the 
tolerance cm'ves became less satisfactory. The increase in Aveight 
would tend to depress the tolerance and it might account for the 
poorer curves obtained on November 12 and December 26, but 
there was no increase after December 26 yet the tests became less 
satisfactory. We might expect the gain in Aveight from October 23 
to November 20 to neutralize improving tolerance, but this Avas not 
eAudent. 

Case 3. — I. Z. (Penn. Hosp. No. 3176S), male HebreAv, aged 65, Avas 
admitted on September 23, 1933, complaining of coldness of the extremities 
and slight swelling about the ankles. 

Present Illness. The onset of symptoms, polyuria, poljTjhagia • and 
pruritus, was in 1931. He recewed no treatment until February, 1933, 
AAdren he came to the Out-Patient Metabolic Clinic. Examination revealed 
marked decrease in circulation in the legs and feet due to organic arterial 
disease. 

Past Illnesses. Unimportant. 

Family History. One sister has diabetes complicated with gangrene. 

Physical Examination. The positive findings were: Height, 64 in.; 
nutrition good; pupils respond sluggishly to light; marked cj’-anosis of both 
legs and feet when in the dependent position, A\dth prompt blanching when 
elevated and no dorsalis pedis or posterior tibial pulsations in either foot. 

Laboratory Data. The blood serological tests and the counts A\'ere 
normal. The Roentgen ray examination reA^ealed e.xtensive calcification 
of the arteries of both feet and the electrocardiogram showed cAudence of 
myocardial disease. 

Progress Notes. On September 30, after 1 week on a AA'eighed diet 
(70 gm. protein, 106 gm. fat and 90 gm. carbohydrate— 1594 calories), the 
blood sugar being normal and no glycosuria being found, daily increases 
of 15 gm. of carbohydrate and the corresponding 60 calories were begun 
with 1 gm. of duodenal extract (No. 3005889) t. i. d. before me.als. 
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Judging from the glycosuria on admission (it is to be noted that this 
patient was on the same diet, though estimated, for 4 months prior to 
admission), it was surprising to find no glycosuria or hyperglycemia when 
the carbohydrate reached 165 gm. and the total calories 1894 after 5 days 
of duodenal extract therapy. At this point a glucose tolerance test was 
given (Table 3). There was no glycosuria. 

Further increases in the carbohydrate to 240 gm. on October 9 did not 
cause glycosuria or hyperglycemia. The diet was held nt 70 gm. protein, 
106 gm. fat and 240 gm. of carbohydrate (2194 calories) and the duodenal 
extract was stopped. No significant changes in the blood sugar followed. 

On October 17 (7 days without the extract) the tolerance test was re- 
peated. The curve was decidedly diabetic in type (Table 3) and there was 
glycosuria (1 gm.). 

It seemed that with a practically normal curve previously, while he 
was receiving extract, and a pronounced diabetic type of curve ivithout it 
that benefit had been secured. The carbohydrate and total calories of 
the diet were not the same when both tests were given however. 

The extract was resumed on October 18; the diet was unchanged, and on 
October 30 (12 days after the extract was begun) the test was repeated. 
A decidedly better curve was obtained (Table 3). 

On November 3 the diet was increased to 70 gm. protein, SO gm. fat 
and 350 gm. of carbohydrate (2400 calories), and on November 6 the 
duodenal extract was stopped. On November 20 the glucose tolerance test 
resulted in a decidedly diabetic type of curve, with glycosuria — 2.8 gm. 

The patient was discharged on December 19, when the first diet' (70 gm. 
protein, 106 gm. fat and 90 gm. of carbohydrate— 1600 calories) was 
resumed. This diet was continued, and on February 2, 1934, another 
tolerance curve was secured. No extract had been used in the meantime. 
The curve was that of a pronounced diabetic. Sugar appeared in all 3 urine 
specimens. 

The duodenal extract (No. 3026511) was resumed on February 8, 1 gm. 
t. i, d., and on February 14 the diet was increased to 70 gm. protein, 165 gm. 
fat and 110 gm. carbohydrate (2200 calories) and on February 20 the 
tolerance test was repeated. The curve registered a decided improvement 
and there was no glycosuria. 


Table 3.— Data in the Study or Case 3. 


Date. 

Tolerance curves, hours. 

Duodenal extract. 

Diet. 

Wt., 

kg. 

F.* 

i. 

1 . 

1 

2. 

3. 

p. 

F. 

c. 

Cal. 

1. Oct. 5 . . 

110 

178 

174 

155 

103 

Begun Sept. 30 

70 

106 

165 

1894 

83 

2. Oct. 17 

100 

138 

167 

165 

179 

Stopped Oct. 9 

70 

106 

240 

2194 

83 

3. Oct. 30 

100 

, . 

166 

161 

117 

Resumed Oct. 17 

70 

106 

240 

2194 

83 

4. Nov. 20 

115 


205 

200 

194 

Stopped Nov. 6 

70 

80 

350 

2400 

82 

5. Feb. 2 . 

129 


169 


242 

None since Dec. 5 

70 

106 

90 

1600 

80 

C. Feb. 20 

89 


149 

170 

118 

Resumed Feb. 4 

70 

165 

110 

2200 

80 



* Fasting. 


SmiMARY OP Case. "While the duodenal extract was being given 
to a known diabetic increases in the carbohydrate and total calories 
to the level of a normal diet were made without causing hjmer- 
glycemia or glycosuria. 

Three tolerance curves, 1, 3 and 6, obtained while the extract was 
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being given, were all decidedl 5 ’' better than tbe curves 2, 4 and 5, 
wbicb were obtained at varying periods after the extract bad been 
withdrawal. 

Case 4.— A. B. (Jefferson Hosp. No. WH83S6), a girl, aged 13, was 
admitted to Dr. McCrae’s Service on March 31, 1934, complaining of 
weakness, thirst, poor idsion, excessive appetite and frequent urination. 

Family History. Negative. 

Past Illnesses. Measles in childhood and frequent “sore throats” prior 
to removal of her tonsils, in 1929. She has never menstruated. 

Present Illness. In January, 1934, she noticed an excessive appetite, 
increased thirst and weakness. In Februai^q poljmria and pruritus AOilva; 
and in March a blurring of idsion became troublesome. On March 15, 
a phj^ician was consulted; a diagnosis of diabetes was made; a diet was 
outUned and the patient was improved subjectively. She ivas referred to 
the hospital for observation. 

Physical Examination. Appears drow'sjq cheeks flushed, skui dr3'^ with 
a scabetic eruption on face and chest, faint odor of acetone on breath, 
posterior cervical glands palpable, breath sounds moderatelj’' harsh and 
with impaired resonance over the first intercostal space anteriorljq patellar 
and Achilles reflexes absent, and a fine tremor of the extremities. 

Further Studies. Roentgen ray examination, April 14, show'ed nmnerous 
exudative deposits scattered throughout both lungs, beheved by Dr. Farrell 
to be active tuberculous lesions; tuberculin test strong^ positive; gastric 
contents, stools and smears from the pharynx negative for acid-fast .baciUi; 
no sputum obtained; fractional gastric anatysis and blood counts normal; 
Roentgen ray examination, on Maj’’ 24, revealed no essential change while 
one on August 17 showed that many of the exudative deposits had disap- 
peared but that characteristics of tuberculous infection remained. The 
body temperature fluctuated between normal and 100.6° F. 

Progress Notes. (See Table 4.) A blood sugar on admission of 0.258%, 
a heavy reaction for sugar, acetone and di-acetic acid in the urine, the 
acetone odor to the breath, the age of the patient and her drowsiness from 
ketosis made insulin treatment imperative. Eighty units daily, in 4 doses, 
were needed. 

On April 7, while SO units of insulin were being given, the duodenal 
extract (No. 3026853) was begun, 0.5 gm. before meals and at bedtime. 
A rapid reduction in the insulin was made. 

On April 14 the insuhn was discontinued. The blood sugar wms 0.086% 
on the morning following the last daj'^ of the insulin program, yet on April 16, 
2 days without insulin, it was 0.080%. 

The diet was increased abruptly on April 17 to 65 gm. protein, 82 gm. 
fat and 150 gm. carbohydrate (1600 calories), an increase of 5 gm. protem, 
22 gm. fat and 60 gm. carbohydrate (460 calories). The blood sugar in- 
creased from 0.080% to 0.110% and on April 20 to 0.134%. On April 20 
the diet was decreased to 65 gm. protein, 125 gm. cafbohj^drate and 82 gm. 
fat (1500 calories), wliich was still considerably higher than that allow'ed 
at the outset of treatment. 

The glycosuria ceased and normal blood sugar values w^ere restored. 

On May 7 -the diet was increased to 65 gm. protein, 135 gm. carbohj-^drate 
and 100 gm. fat (1700 calories), and on May 10 the extract w'as stopped. 
Neither glj'^cosuria or hyperglycemia resulted. Further increases in diet 
were made on May 12 and June 12, making the diet 2272 calories. Daily 
increases of 10 gm. carbohydrate and 40 calories w^ere begun on June 25 
and continued until July 8, when the former had reached 295 gm. and the 
latter 2832. The blood sugar was 0.129% on Juty 6, following a diet of 
80 gm. protein, 265 gm. carbohydrate and 148 gm. fat (2712 calories). 
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Glycosuria was noted when the carbohydrate reached 295 gm. and the blood 
sugar reached 0.179%. No extract had been given since May 10. 

On July 9 the former diet (80 gm. protein, 155 gm. carbohydrate and 
148 gm. fat— 2272 calories) was resumed— a sudden decrease of 140 gm. 
carbohydrate and 560 calories. The blood sugar decreased slightly but 
subsequently increased to 0.190%— actually higher than with the high 
carbohydrate, iiigh calorie diet— and there was glycosuria. The effect of 
the extract was doubtless exhausted. , 

The duodenal extract (No. 3041362) was resumed on July 9, but it had 
no effect on the hyperglycemia. Insulin was begun on July 25; 67 units 
were needed with the low diet to correct the hyperglycemia. This is in 
contrast to the blood sugar of 0.091% on July 3, seemingly mamtained by 
the extract with a diet of 80 gm. protein, 235 gm. carbohydrate and 148 gm. 
fat (2592 calories). 

The insulin having reduced the blood sugar to normal was stopped. The 
blood sugar was 0.121 % the last day of insulin treatment, while after 1 day 
without 67 units of insulin it was lower, 0.113%, and after 3 days it was 
0.116%. 

TlTien readmitted for a repetition of the study, in November, 1934, this 
patient’s insulin requirement was between 60 and 70 units and tubercle 
bacilli were found in the gastric contents. 

Table 4. — Data in Study of Case 4. 


Date, 1934. 

P.. 

gra. 

F., 

gm. 

c.. 

gm. 

Total 

Cals. 

Insulin 

units. 

Duodenal 

extract. 

Blood 

sugar. 

Glycosuria. 

4/ 1-4; 7 . . . 

60 

60 

90 

1140 

20-80 

0 

258-156 

29.7-0 

4/ 8-4/lG . . . 

60 

60 

90 

1140 

75-0 

^ gm. q.i.d. 

117-86 

0.0-0. 2 

4/17-4/19 . . . 

65 

82 

150 

1600 

0 

» 

110 

0.5-3. 7 

4/20-5/ 6 . . . 

65 

82 

125 

1500 

0 

<( 

164-76 

5.8-0 

5/ 7-5/10 . . . 

65 

100 

135 

1700 

0 

li 

99 

0.0-0 

5/11 .... 

65 

100 

135 

1700 

0 

0 


0.0-0 

5/12-5/28 . . , 

65 

124 

135 

1916 

0 

0 

85-105 

0.0-0 

5/29-6/11 . . . 

70 

138 

145 

2100 

0 

0 

112-99 

0.0-0 

6/12-6/24 . . . 

80 

148 

155 

2272 

0 

0 

98-112 

0.0-0 

6/25-7/ 8 . . . 

80 

148 

165- 

295 

2312- 

2832 

0 

0 

91-129 

0.0-0 

7/ 9-7/24 . . . 

80 

148 

155 

2272 

0 

i gm. q.i.d. 

138-179 

16.0-0 

7/25-8/ 4 . . . 

80 

148 

155 

2272 

40-67 

tf 

190-105 

8.0-0 

8/ 5-8/11 . . . 

80 

148 

155 

2272 

0 

« 

113-121 

0.0-0 


Weight increased gradually from 38 to 41 kg. Height, 61 inches. 


Case 5.— C. B, (Penn. Hosp. No. 8897), a colored woman, aged 50, was 
admitted to the hospital on May 24, 1934, complaining of loss’ of vision in 
the right eye, cough and vague abdominal pain. 

Family History. A distant cousin had diabetes, otherwise unimportant. 

Past History and Present Illness. She has used sweets freely and tobacco 
in moderation. She had 1 stillborn child, 2 miscarriages and 1 living child. 
In January, 1934, following an acute upper respiratoiy tract infection' 
a cough, which has remained, became troublesome; she had pains made 
■unrse by coughing, over her right upper chest; small amounts of’ muco- 
purulent material were expectorated at night. An attack of pleurisy last 
AMnter affected the left chest. Tliirst, polyuria, nocturia and pruritus 
vulvai were troublesome for 2 or 3 3 '^ears, while dyspnea on exertion anor- 
exia, generjxl -iveakness, failing vision and marked tingling and burnina 
sensations in the toes have been noted recently, ® 
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Physical Examination. Bilateral cataracts (right nearly mature), few 
carious teeth, tongue heaAuly coated, breasts atrophied, limitation of expan- 
sion over the right upper chest, a dull note on percussion over the upper 
lobe, with high-pitched breath sounds, egophony, whispered pectoriloquy, 
with fine and medium crackling rales anteriorly and posteriorly over the 
same area, abdominal wall flaccid, a palpable mass the size of a medium 
grapefruit in the suprapubic region (uterine fibroma) and the blood pressure 
98/50 

Further Observations. The blood serological tests were normal, the 
Eoentgen ray study of the chest revealed multiple cavitations involving 
the entire upper right lobe, many acid-fast bacilli were found in the sputum, 
and blood count was: Hemoglobin, 75%; red blood cells, 5,860,000; white 
blood cells, 11,150; vdth a normal differential count, and the gastric analysis 
was normal. 

Progress Notes. The fasting blood sugar was 0.165% on May 22 and 
0.162% on May 25, and there was heavy glycosuria (2%). A diet of 
1380 calories was allowed. 

The patient’s temperature varied from normal to 102° F. The fluctua- 
tions M^ere slightly less toward the end of the study. Unfortunately the 
quantitative tests for sugar were not done before May 29, but judging from 
the qualitative tests there was no decrease in the glycosuria while the 
treatment was by diet alone. From May 25 to 31, heavy glycosuria per- 
sisted, 24.4 gm. on May 29. In view of the tuberculous infection, the 
febrile course, the decreasing weight, the increasing blood sugar and the 
gli^osuria, insulin therapy was considered imperative. It was begun on 
May 30 and continued until June 7. The diet was increased on May 31 
to 1600 calories, the insulin was increased to 30 units and duodenal extract 
(No. 3041362), 0.25 gm. q. i. d., was begun. The blood sugar was 0.209% 
and there was glycosuria, 4.7 gm. 

June 1 to 7, the insulin was increased to 36 units daily, the blood sugar 
was 0.129% and there was no glycosuria. On June 7 the insulin was 
stopped. No gl3'^cosuria ensued and the blood sugar decreased to 0.110%. 
The weight remained constant. 

The diet was increased on June 13 to 2000 calories. A temporary increase 
in the blood sugar to 0.135% ensued, but normal values were restored on 
June 20 and 22. The duodenal extract was stopped on June 22. There 
was no resulting increase in the blood sugar. 

Daily additions of 10 gm. of carbohydrate and 40 calories to the diet 
were begun on July 6 to determine the limit of tolerance. The blood sugar 
was 0.110%, July 6 to 17, being 0.110% on July 10, when the diet contained 
165 gm. of carbohydrate and 2200 calories. On July 14 the blood sugar 
was 0.129%, when the diet contained 205 gm. carbohydrate and 2360 cal- 
ories. Further elevation of the blood sugar to 0.143 % occurred on July 18, 
when the carbohj’^drate value reached 235 gm., and the calories 2480 on 
the day pre^^ous. Traces of sugar were found in the urine on July 12 
and 16. 

The duodenal extract was resumed, 0.25 gm. q. i. d., on July 17. July 18 
to 24, the former diet (2000 calories), was resumed. Despite tliis reduction 
(120 gm. of carbohydrate and 480 calories) plus the use of insulin (resumed, 
July 19), the blood sugar was higher, 0.166%, on July 21. It was 0.143% 
on July 23 and 0.153% on July 24. There was, therefore, no decrease 
in the blood sugar during the 6 days, July 19 to 24, while 36 units of insulin 
were given daily in 3 doses. The duodenal extract had no apparent effect 
during this period. July 25 to 31, no insulin was given or subsequently. 
The blood sugar on July 27 was lower, 0.139%, than when insulin was used. 
It was 0.139% and 0.137% on July 30 and 31, respectively. 
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Table 5.— Data in Studt of Case 5. 


Date, 1034. 


Diet. 


Insulin, 

Duodenal 

Blood 

Glyco- 

P. 

F. 

C. 

Cal. 

units. 

extract. 

sugar. 

gm. 

5/21-5/29 . . . 

70 

80 

95 

1380 

None 

None 

162-165 

Heavy 

5/30 .... 

70 

80 

95 

1380 

15 

None 


20.7 

5/31-6/ 6 . . . 

70 

104 

95 

1600 

30-36 

i gm. a-i.d. 

209-145 

4.7-0 

6/ 7-6/12 . . . 

70 

104 

95 

1600 

None 

i gnj. a-i.d. 

129-110 

0 

6/13-6/21 . . . 

70 

140 

115 

2000 

None 

i gm. a.i.d. 

135-113 

0 

6/22-7/ 5 . . . 

70 

140 

115 

2000 

None 

None 

112-109 

0 

7/ 6-7/17 . . . 

70 

140 

125- 

235 

2040- 

2480 

None 

None 

110-129 

Trace 

7/18-7/24 . . . 

70 

140 

115 

2000 

36 

i gm. a.i.d. 

143-166 

0 

7/25-7/30 . . . 

70 

140 

115 

2000 

None 

i gm, a-i.d. 

137-139 

0 


The weight at the onset was SSjkg. and on discharge*54 kg.; height, 63 j inches. 


StmaiARY OF Case. 1. During the S days of insulin treatment 
the blood sugar fell from 0.209% to 0.129%. This occurred ■while 
insulin and duodenal extract -were being given. 

2. lATien the insulin was abruptly stopped further decrease in 
the blood sugar occurred, to 0.110%, presumably due to the effect 
of the duodenal extract. This effect was repeated during the later 
stages of the study, when 36 units of insulin were stopped, July 24, 
the blood sugar fell to a lower level than when the insulin -was being 
given. 

3. No glycosuria or hjTierglycemia resulted from stopping the 
duodenal extract. 

4. Remarkable increases in the carbohydrate and total calories 
were necessary to provoke hyperglycemia and glycosuria even 
though the extract had been stopped. 

5. Despite a resumption of the pre-vious lower diet plus insulin 
there was a continued rise in the blood sugar suggesting that the 
hyperglycemia had destroj^ed the effect of the extract or, as seems 
more likely judging from other cases, its effect was in abeyance 
while insulin was given. 

Case 6. — A. S. (Penn. Hosp. No. 26668), male, Italian, aged 49, was 
admitted on September 23, 1933. A history of diabetes since 1927 was 
given when, because of increased thirst and appetite, he had consulted a 
private physician who found glycosuria. Until his admission, in July, 
1932, for treatment of diabetes and a large carbuncle on his back, treatment 
has .been spasmodic. 

After his discharge, in 1932, he was treated in the Out-Patient Dispensary 
save for 7 admissions for treatment of carbuncles. 

Pcis( Illnesses and Family History. Unimportant. 

Physical Examination. Well nourished; blood pressure, 135/80; multiple 
scars over chest, back and neck where carbuncles had been incised. The 
heart, lungs and abdomen were normal. 
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Lahoratonj Studies. Blood serological tests normal; red blood cells, 
3,320,000; hemoglobin, 85%. Roentgen raj’’ examination of the extremities 
revealed a moderate degree of calcification of the arteries of both legs. 

Progress Notes. A historj’’ of heaA’j’^ glj’cosuria and several blood sugar 
estimations above normal, the highest being 0.230%, in Julj’’, 1932, made 
it obvious that he had diabetes. 

He "was given a diet containing 1600 calories, ■ndth 110 gm. of carbohj’drate 
on September 23, 1933, and on September 26 dailj’’ increases of 10 gm. 
of carbohj’drate and 40 calories were begun and the duodenal extract 
(No. 3005889), in doses of 2 gm. t. i. d., -R’as started. 

There "was no glj’cosuria or hjTjerglj’cemia when the carbohj’drate 
reached 260 gm., and the total calories 2187, but a glucose tolerance test 
(October 5) indicated a verj’’ mild diabetes. The diet was then abruptlj’’ 
increased, allo’ndng 350 gm. of carbohj'drate and 2557 calories. The blood 
sugar remained normal. 

The extract was stopped on October 9, but the tolerance curve on 
October 24 suggested that its effect was still operating. The curve might 
well be interpreted as normal (Table 6) and there was no glj’cosmia. 

On October 30, 100 gm. of glucose were given to this patient bj’ mistake. 
114ule no blood tests were made, it is interesting that 6 gm. of sugar were 
lost in the urine, 34 days after stopping the duodenal extract. Glj’cosuria 
had not occurred ’ndtli the preceding glucose tolerance tests. Tliis contrast 
majf be misleading, as there was at this time a small carbuncle developing 
on the patient’s back. This was freelj’’ incised on November 2. 

To prevent unnecessarj’- risk the diet was decreased to 1050 calories, 
vdth 150 gm. carbohydrate for 7 daj’s, insulin was given and the duodenal 
extract was resumed. During the course of this infection there was gljmo- 
suria and the blood sugar reached 0.205%. 

It is perhaps significant that later, March 1 to 19, 1934, a much larger 
carbuncle appeared during a course of duodenal extract therapj’ vdthout 
this apparent loss of tolerance. The diet which had contained 2100 calories, 
T;\’ith 175 gm. carbolij’-drate, from January 20, was left unchanged; no 
insulin was given but the extract was continued. In tliis instance the 
highest blood sugar, the onlj’’ one above normal, was 0.135% and there 
was no glj’cosuria. 

On Januarj’’ 15, 1934, 63 daj^s ndthout the extract, and ■\\ith a smaller diet 
a poorer tolerance curve was obtained. The blood sugar increased between 
the 1st and 2d hours and it was above normal at the 3d hour. 

On Januarj’ 22 (70 daj’s vdthout extract) a still poorer curve was obtained. 
The increase in blood sugar between the 1st and 2d hours was greater, 
the peak was 0.201% at the 2d hour and the 3d hour blood sugar was 
0.174%, the highest 3d-hour value j'et obtained. 

The duodenal extract (No. 3026511) was resumed on Januarj’- 22, and 
on January 31 the glucose tolerance test showed a definite improvement 
over that of January 22. The peak was lower, the blood sugar remained 
at practically the same level between the 1st and 2d hours and the 3d hour 
blood sugar was 0.138%. 

On April 10 (after 45 daj’s of extract therapj’) further improvement was 
noted. The curve had its peak at the 1st hour, a greater fall between the 
1st and 2d hours and a normal figiire at the 3d hour. 

The changes which were made in the diet cannot account, we believe, 
for the curves obtained, neither can the small changes in weight. As for 
the carbuncles thej’ appeared at such times as to make proof of the effec- 
tiveness of the extract most difficult. Especially valuable in our estima- 
tions is the curve on April 10, as a vei^’ large carbuncle causing fever for 
several days had intervened between this and the date of the previous test, 
on January 31. 
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He was discharged on June 2 and received no extract after June 18. He 
was readmitted, for a repetition of the study, on November 19, 1934. 
There was no glycosuria or hyperglycemia nor was there a recurrence of 
the carbuncles in the interval. 


Table 6.— Data in Study of Case 6. 


Date. 

Diet. 

Insulin, 

units. 

Puodennl 

extract. 

Blood 

sugar. 

Glycosuria, 

gm. 

P. 

P. 

c. 

Cal. 

1932. 









7/20-8/5 . . . 

70 

40 

120 

1120 

30-36 

None 

230-100 

Heavy-O 

1933-1934. 









9/23- 9/25 . . 

80 

93 

110 

1600 

None 

None 

114 

0 

9/26-10/ 6 . . 

80 

93 

125 

1657 

None 

2 gm. t.i.d. 

75-92 

0 




350 

2557 





10/ 7-10/ 9 . . 

80 

93 

350 

2557 

None 

2 gm. t.i.d. 

82 

0 

10/10-11/ 1 . . 

80 

93 

350 

2557 

None 

None 

77-189 


11/ 2-11/ 8 . . 

65 

21 

150 

1050 

6-24 

1 gm. t.i.d. 

82-205 

18-6 

11/ 9-11/29 . . 

80 

93 

350 

2557 

None 

1 gm. t.i.d. 

68-95 

Trace-O 

11/30-12/ 7 . . 

80 

93 

350 

2557 

None 

2 gm. t.i.d. 

83 

0 

12/ 8-12/14 . . 

75 

153 

105 

2100 

None 

None 


0 

12/15- 1/21 . . 

75 

122 

175 

2100 

None 

None 

101-119 

0 

1/22- 4/12 . . 

75 

122 

175 

2100 

None 

1 gm. t.i.d. 

75-135 

0 


The weight increased gradually from 63 to 68 kg. Height, 65 inches. 


Glucose tolerance tests on November 27 and December 4 were considered 
normal. There being no object in resuming the extract under these con- 
ditions, he was discharged on December 5. 


Glucose Tolerance Tests. 






Hours. 



Year. 

Date. 

F. 

5- 

1. 

2. 

3. 

1933 

October 5 

84 

130 

168 

154 

53 

f “ 

October 24 

80 


161 

122 

82 

1934 

January 15 

119 


173 

184 

157 

<< 

January 22 

101 


161 

201 

174 

tl 

January 31 

91 


155 

157 

138 

14 

April 10 

82 


183 

123 

105 

II 

November 27 

118 

188 

134 

111 

75 

f I 

December 4 

122 

135 

188 

94 

98 


Summary of Case. The duodenal extract seemed to produce 
better tolerance curves than were obtained without it, and it 
seemed to prevent the usual loss of tolerance during an acute pyo- 
genic infection. Furthermore, normal glucose tolerance curves 
were obtained 5 months after stopping the extract. This patient 
received extract for a longer period than any other. 

7.— G. D. (Penn. Hosp. No. 33529), female, aged S, was admitted 
on February 19, 1934, complaining of excessive appetite and thirst, polyuria 
and loss of weight. 

Family History. Unimportant. 

Past History. Mumps at G, scarlet fever and chickenpox at 7, with 
ear trouble without discharge” for several days. She had enuresis until 
the age of 4, and subsequently increased urination with nocturia, nervous- 
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ness and occasional fleeting pains in the right lower quadrant of the abdo- 
men. Urinalyses done in 1933 were normal. 

Present Illness. She was well until 3 weeks before admission, when 
polyuria was noticed. A great appetite and excessive tliirst developed 
and a rapid loss in weight ensued. The urine became syrupy and when 
dried on clothing left crisp areas. Dr. H. Haines, consulted on February 14, 
found glycosuria. Improvement followed the adoption of a restricted diet. 

Physical Examination. Patient undernourished, moderate enlargement 
of the tonsils and submaxillaiy glands, posterior cervical gland (right) 
palpable, heart and lungs normal, small pad of fat in center of the abdomen 
and blood pressure 105/70. 

Laboratory Data. Blood sugar 0.203% and urine sugar 4-1- (72 gm. in 
8 hours). The blood urea and blood counts were normal. The tests for 
acetone and di-acetic acid in the urine were strongly positive. 

Progress Notes. It was obvious at the outset that this patient needed 
insulin, but we wished to observe the effect of the duodenal extract on the 
hyperglycemia of a child who had never received insulin. The extract was 
begun at once (No. 3026511 for the first day and No. 3031959 subsequently), 
in doses of 1 gm., before each meal. 

Though the glycosuria decreased, the blood sugar increased to 0.210% 
and on February 23 to 0.230 %. No benefit from the extract being apparent 
in the first 3 days, insulin was begun. 

On February 24 (5 days after admission) the patient had fever, 99.6° F. 
The temperature remained elevated, during an attack of measles, until 
March 1. At the height of the fever, 48 units of insulin, given in 4 doses, 
reduced the blood sugar to 0.098%. A higher dosage, 56 units, was ^ven 
after all fever had subsided without any evidence of insulin reactions. 
In view of the prompt gain in tolerance which usually follows the disap- 
pearance of fever, we suspected that the extract might be exerting an 
influence against hypoglycemic reactions in this patient. 

On the mornmg of March 10, a blood sugar of 0.111% was found and 
the insulin was stopped, an abrupt withdrawal of 56 units. Slight glyco- 
suria occurred until March 16. There was no further loss and the blood 
sugar values remained normal. 

The diet was increased on March 20 and a gradual gain in weight ensued. 
The patient was discharged on March 24. 

The extract was stopped on April 3 and glycosuria appeared on April 24, 
May 3 and 4. The extract was resumed, 0.5 gm. t. i. d., for 1 week. 
There was no glycosuria. As it seemed that there was a delayed benefit 
from the extract lasting from April 3 to 24 we decided to give the extract 
for 1 week in each month. 

From May 5 to 10, inclusive, the extract was given, 0.25 gm. q. i. d., 
and again from June 1 to 7, inclusive. The blood sugar remained normal 
and there was no glycosuria. On June 25, 26 and 27, glycosuria appeared 
but subsided when the extract was resumed, July 1 to 7. Being without 
active extract we were specially interested in subsequent observations. 

Glycosuria returned on July 22 and the blood sugar increased to 0.139% 
on July 26. Insulin was resumed on August 10; the blood sugar reached 
0.239% on September 21 and the insulin requirement has (February, 
1935) reached 46 units. A repetition of the study is imder way. ’ 

SuMMAEY OF Case. 1. Judging from her agfe, weight and labora- 
tory studies, before and after using the extract, the child obmously 
had a severe diabetes of recent onset. This was apparent before 
the measles could have altered the picture. 

2. We regard it as significant for a child of her physique needing 
so much insulin during a febrile period to tolerate an actual increase 
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in the dosage after the 'disappearance of fever vdthout insulin 
reactions. 

8. There was no demonstrable effect from the extract during the 
initial 3 days, but later a delayed effect, made possible by the 
control of the diabetes, seemed to assert itself in an insulin-like 
action by which it corrected the glycosuria and maintained a normal 
blood sugar in a patient in whom this would be considered possible 
only with insulin. The full effect of the extract was not apparent 
until 6 days had elapsed without insulin. 

4. The effect of the extract seems to have lasted, in this patient, 
about 3 weeks after its discontinuance. 


Table 7. — Data in Study of Case 7. 


Date, 1034. 

Diet. 

Insulin, 

units. 

Duodenal 

extract. 

Blood 

sugar. 

Glycosuria, 

gni. 


B 



2/19- 2/22 . . 

45 

53 

no 

1100 

None 

1 gm. t.i.d. 

203-210 

72.0-51.6 

2/23- 3/ 9 . . 

45 

53 

no 

1100 

32-56 

1 gm. t.i.d. 

230-98 

6.7-0 

3/10- 3/19 . . 

45 

53 

no 

1100 

None 

1 gm. t.i.d. 

85-103 

3.8-0 

3/20- 4/ 3 . . 

60 

87 

120 

1500 

None 

1 gm. t.i.d. 

91-112 

0-0 

4/ 4- 5/ 4 . . 

CO 

87 

120 

1500 

None 

None 

105-123 

0-trace 

5/ 5- S/10 . . 

60 

87 

120 

1500 

None 

1 gm. q.i.d. 

111-119 

0 

S/ll- 5/31 . . 

60 

87 

120 

1500 

None 

None 

102-129 

0 

6/ 1- 6/ 7 . . 

60 

87 

120 

1500 

None 

} gm. q.i.d. 

, , , 

0 

6/ 8 . . . . 

60 

87 

120 

1500 

None 

None 

112 

0 

6/ 9- 6/30 . . 

66 

87 

130 

1560 

None 

None 

129 

O-trace 

7/ 1- 7/ 7 . . 

65 

87 

130 

1560 

None 

1 gm. q.i.d. 

114 

0 

7/8 -11/30 . , 

65 

87 

130 

1500 

14-28 

None 

72-239 

0-heavy 


■Weight increased gradually from 27.2 to 31 kg. Height, 54 inches. 


Summary and Hypothesis. A child diabetic of 8, another of 13, 
with active tuberculosis, an adult with active tuberculosis, another 
admitted in coma, a boy of 16 admitted in impending coma and 
2 mild diabetics of the arteriosclerotic group (7 cases in all) are 
presented to illustrate that the duodenal extract prevented hyper- 
glycemia and glycosuria of any extent after the withdrawal of large 
doses of insulin and that subsequent great increases of carbohydrate 
and calories were necessary to produce hyperglycemia and glyco- 
suria. Furthermore, better glucose tolerance curves were obtained 
ivith the extract than were obtained without it. 

The period of benefit following the withdrawal of the extract 
varied from a few days to several months. 

There is no evidence that the extract is of value in reducing a 
marked hyperglycemia or that it has any effect when given with 
insulin, except as stated below, but rather that its effect becomes 
discernible when insulin is used to control the diabetes and then 
omitted. Repeatedly, lower blood sugar values were obtained with 
the extract alone than when it was given in conjunction with insulin. 

In 2 patients (1 of whom is reported here) with diabetes of long 
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standing normal glucose tolerance curves were repeatedly obtained 
5 months after cessation of extract therapy. 

Neither hypoglycemic reactions nor any other untoward effect 
were noted. It seemed rather that the extract exerted an anti- 
hypoglycemic effect when large amounts of insulin were given. 

Respiratory quotient studies (not reported here) coincided with 
the behavior of the blood and urine sugars, increasing as they 
decreased and decreasing as they increased. 

Doses of D.25 gm. of the extract, given orally, 3 or 4 times daily, 
were effective. 

Of 46 patients who received the extract, 16 were given inert 
material. Of the remaining 30, 12 had severe and 18 had mild 
diabetes. Of the 12 with severe diabetes, 8 (4 of whom were chil- 
dren) showed a definite response to extraet therapy, while 4 (3 adults 
and 1 girl of 16) gave no evidenee of benefit. Of the 18 mild cases, 
11 were helped and 7 were not. 

All 4 of the severe diabeties who failed to benefit from the extract 
belong to the group of diabetics who have an extremely narrow 
margin of safety between hypoglycemia and hyperglycemia. Other 
severe diabetics requiring as much or more insulin, but who had a 
greater margin of safety, gave spectacular response to extract 
therapy. 

The results suggest that 3 types of diabetes exist, e. g., (1) from 
lack of activation of the pancreatic islands by a duodenal factor, 
(2) from loss of islands of Langerhans and (3) an insensitiveness of 
the organism to insulin. The last mentioned may be subdivided 
to include various endocrinal imbalances. 

The prolonged period of apparent benefit after withdrawal of the 
extract suggests the possibility that the duodenal factor is to the 
pancreas as iodin is to the thjToid gland. This tentative hypothesis 
is presented for consideration until we are obliged to alter or add 
to it in the face of new evidence obtained by a continuation of our 
study. 

The authors are grateful to Parke, Davis & Co., especially to Dr. A. E. Sharpe of 
their staff, for supplying us with the duodenal extract. We are indebted to Drs. 
Macallum and Laughton for making the animal assays for us and for their readiness 
to place at our disposal the results of their studies on this subject. We wish to 
express our appreciation to the staffs of the Pennsylvania and Jefferson Hospitals, 
who aided in carrying out this study. 

REFERENCES. 

1. Moore, B., Edie, E. S., and Abram, J. H.: Biochem. J., 1, 28, 1906. 

2. Ivy, A. C., and Fisher, N. F.: Am. J. Physiol., 67, 445, 1924. 

3. Dixon, W. E., and Wadia, J. H.: Brit. Med. J., 1, 820, 1926. 

4. Macallum, A. B., Sr.: Canad. Med. Assn. J., 20, 46, 1929. 

5. Heller, H.: Arch. f. exp. Path. u. Pharmakol., 145, 343, 1929. 

6. Laughton, N. B., and Macallum, A. B.; Canad. Med. Assn. J., 23, 348, 1930. 

7. Laughton, N. B., Macallum, A. B., Rabinowitch, I. M., and Watson, E. M.: 
J. Biol. Chem., 92, Proc. xx, 1931. 

8. Laughton, N. B., and Macallum, A. B.: Proc. Roy. Soc., London, 3, 37, 1932. 

9. La Barre, M. J. : Bull, de I’Acad. roy. de mf d. de Belgique, 12, 620, 1932. 

10. Benedict, S. R.: J. Biol. Chem., 92, 141, 1931. 



BLANKENHOKN, IIAYMAN: ADDISON’s DISEASE 


419 


NOTE ON THE USE OP SUPRARENAL EXTRACT AND SODIUM 
SALTS IN A CASE OF ADDISON’S DISEASE. 

By Marion A. Blankenhorn, M.D., 
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ASSOCIATE professor OF MEDICINE, MEDICAE SCHOOL, "WESTERN RESERVE 
' UNIVERSITY, CLEVELAND, OHIO. 


(From the Department of Medicine, Western Reserve University, and the Medical 

Service, Lakeside Hospital.) 

Productwe research during the past few years has done much 
to revive interest in the study of Addison’s disease, and to elucidate 
some of its problems. Swingle and Pfiffner,i and Hartman^ have 
prepared extracts of the cortex of the suprarenal glands which are 
effective in maintaining the lives of adrenalectomized dogs and have 
proved of value in treatment of certain human cases. Loeb^ and 
Harrop'* have shown a relationship between sodium chlorid loss 
from the body and the development of Addisonian crises. Loeb® 
believes that the most satisfactory hypothesis to explain the behav- 
ior of the sodium base in suprarenal insufficiency is that the supra- 
renal glands exert a regulatory effect on sodium excretion. 

The following case of Addison’s disease is reported because of 
two points; (1) The failure of cortical extract alone to prevent 
the development of crisis; and (2) the demonstration that other 
sodium salts can be substituted for sodium chlorid without detri- 
ment. 

Case Abstract. The patient, aged 25, was sent to the Lakeside Hospital 
on September 9, 1933, by his family physician because of Addison’s disease. 
This diagnosis was manifest because of conspicuous darkening of the skin, 
vomiting, weakness and weight loss, aU coming on in a period of 3 months. 
No history of exposure to tuberculosis could be elicited. Past illness was 
negligible (acute gonorrhea in 1930; measles, diphtheria and influenza in 
childhood). Four months before admission, he was ill with dry pleurisj’' 
for 3 days. He was native born of Polish parents, single, unemployed 
for years, formerly a welder. 

Physical examination showed nothing significant except pigmentation 
and a blood pressure of 108/55. The skin was uniformly dark grayish- 
brown with darker spots, 2 mm. in diameter, over each cheek, hard palate, 
gums, buccal mucous membrane and in the conjunctiva of one eye. A 
few days later similar spots developed on his forearms and later disappeared 
while under treatment. Temperature averaged 37.5°, pulse 80 and resni- 
rations 22. 

The urine was normal except for a low specific gravity (1.012). Hemo- 
globin (Sahli) 91%, erythrocytes 5,150,000 and leukocytes 8400. The 
blood smear was normal and the blood Wassermaun test negative. Blood 
sugar 75, plasma clilorid 310 and creatinin 1.5 mg.%. Icteric index 6 
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Basal metabolic rate —2% of normal. Electrocardiogram normal. Roent- 
gen ray of lungs showed no e^ddence of old or recent tuberculosis. A plate 
of the abdomen showed several flaky areas overl 3 dng the upper pole of the 
left kidney. These had the density of calcium salts, and it was believed 
might represent changes within the adrenal. There were no similar shadows 
on the right. 

Our plan to study his salt metabolism was hurried by a mild crisis. He 
had been given a fuU diet, and allowed to salt his own food. On the third 
hospital day, he suddenly became irrational and vomited repeatedly. His 
temperature was unchanged, but his blood pressure fell to SO/40. He 
was given 750 cc. of physiologic salt solution intravenously, vdth temporary 
improA'^ement. His clilorid (as Cl) intake the preceding day had been 
2.53 and urinary output 3.24 gm.; on this day intake was 4.21 and output 
4.03 gm. The foAoving day he again became irrational and ADmited. The 
blood urea nitrogen was 23.6 and plasma chlorids 270 mg.%. He was 
given 2250 cc. saline solution subcutaneously and intraA'enously. On 
the fifth hospital day he was markedly improved, and eating well. 

Since it was obvious that he could not keep liimself in salt balance by Ids 
diet, howeA'^er salty, he was given additional salt — finally 12 gm. NaCl daily 
— in capsules. With this additional intake of salt, he ate well and had no 
complaints. On the ninth night, in a “nightmare” he fell out of bed, break- 
ing a glass urinal and cutting his thigh on a large fragment. This kept 
him in bed until the tA\'enty-second hospital dai"-, when he felt well enough 
to walk about the ward. Without sudden change, his blood pressure had 
come up to 110/75. During this period, Ms chlorid (Cl) intake, including 
the calculated amount in his food and that in the weighed amount of NaCl 
on his trays and in the capsules, varied from 6.66 to 18.06 gm. daily, and 
his urinary output from 5.22 to 16.8 gm. There was no significant change 
in weight. Hemoglobin 90%, erythrocytes, 5,200,000 and leukocytes 8100. 
Blood urea nitrogen was 19.7 and plasma chlorids 335 mg. %. 

On the tAventj^-fourth hospital day, the salt capsules were stopped, but an 
abundance was provided A\ith his meals AA'hich were generous, for he AA'as 
feeling weU. The folloA\ing day he was “despondent,” the next irritable 
and remained voluntarily in bed. His appetite was fair, and blood pressure 
110/75. On the fifth day AAithout capsules he was worse mentally and AA'as 
nauseated. His chlorid intake on these days had been 8.5, 6.4, 5.37, 3.09 
and 4.87 gm.; his output, 10.81, 10.41, 9.14, 6.6 and, 5.45 gm. A crisis 
Avas obAuously developing, but his blood pressure was 105/80, pulse and 
temperature normal, fluid intake 1750 cc. and output 1 150 cc. There AA^as no 
demonstrable trouble AAuth Ms circulation, no Avater loss or retention and 
no sign of disordered central nerA’^ous system. The blood sugar was 99, 
urea nitrogen 25.4 and plasma chlorids 317 mg.%. It Avas then impossible 
to predict the crisis from any physiologic change, but it AA^as quite apparent 
to the many observers familiar Avith his previous behavior that a crisis AA^as 
impending. 

Two days later-on the eighth day after the salt capsules had been stopped 
— he was clearly in crisis, as shoAAUi by Ioav blood pressure (85/55), vomiting, 
blood urea nitrogen 30.3 and plasma chlorids 292 mg.%. He was given 
30 cc. of a potent suprarenal cortex extract* intraA'^enously during the day, 
and food and drink AAuth and without salt Avere urged. There Avas no 
improvement. The next day he receded 30 cc. eschatin intraA’^enously 
and 30 cc. intramuscularly Avithout improA'^ement. Since he was getting 
worse, it was thought dangerous to trust to eschatin alone any longer. He 
was, therefore, gMen glucose and saline solution intravenously, Avith defi- 
nite improvement in 12 hours and great improvement in 36 hours. He 

* Eschatin,— Parlj;e, Davis & Co. Furnished through the courtesy of Dr. E. A. 
Sharp. 
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■was then put back on a full diet with 12 gm. NaCI in capsules daily. The 
e'v^ents of this period are shown in Table 1. 


Table 1. — Effect of Eschatin and NaCl During a Cbisis. 


Hospital 

Day. 

1 . 

i cj 

1 HH 

i 61} 

o 

Cl urine, 
gm. 

Blood sugar, 
nig.%. 

; 

1 

to 

cd 

gg 

K 

6 fl 

tu 

R.B.C., 

millions. 

W.B.C., 

thousands 

Remarks. 

25th. . 6.40 

29th. . . 1.09 

.SOth . . ? 

SIbICSa.m.) , .. 

(9 P.M.) ? 

32cl (7 p.m.) , ? 

33d . . .'11.37 

34th . . .10.62 

35th. . . 9.85 

i 

10.40 

3.19 

1 5.06 
.. 1 
1.091 
1.06 
3.38 
13.49 
15.38 

76 

99 

79 
72 
90 

80 
90 

19.7 

25.4 

36!3 

28.0 

40.7 

32.4 
21.1 
13.9 

I 335 1 

317 1 
) 

292 ) 
283 1 
266 ( 
280 ) 

326 t 

327 ; 

90 

103 

70 1 

] 

5.2 1 

1 

5.8 ' 

1 

3.0 ' 

8.0 1 

1 

\ 

9.6 ' 

1 

7.7 * 

1 

Sp.cond day without NaCI 
capsules. 

Sixth day without NaCI cap- 
sules. 

Crisis impending. 

1 Before eschatin. 

T • . ) After 30 cc. eschatin 
In crisis < 80 cc. eschatin 

( After 20 gm. NaCI. 
Much improved. 

Apparently out of danger. 


Ten days after this crisis he was up and seemed quite well. All observers 
agreed that there was fading of the pigmentation of his skin and many 
of the millimeter-sized patches on his forearms, which had been recorded 
by mapping, were found to have disappeared. His blood pressure was 
105/75. 

We wished to study the effect of substituting other chlorids and other 
sodium salts for NaCI. Consequently, on the sixty-third hospital day, with 
the knowledge and consent of the patient, the NaCI capsules were stopped, 
and mixtures of ammonium, calcium and potassium chlorids substituted. 
On the third day of this medication, he complained of abdominal pain, 
nausea and vomited. His blood pressure fell suddenly to 90/50, and he 
was given intravenous saline solution, with good results. The changes in 
the acid base balance in his serum are sho-wn in Table 2. The effect of 
of these chlorids can scarcely be estimated, since nausea and abdominal 
distress developed too soon to say that sodium loss was the cause. Later, 
while pn a full NaCI intake, capsules of KCl were again followed by abdom- 
inal distress, but not crisis. 


Table 2. — Effect of Different Salts on Serum Electrolytes. 
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1 &4 ! 
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<y 1 

e 

1 

r-- 

< . 

1 c* 1 
• o 

1 B ' 

j 

D, 

1 

Remurks. 

Nov. 2 1 

5 ' 
Dec. 5 i 
9 ' 

148.8 
143.7' 
150.41 
149.2 ' 

1 

100.8! 

93.2 

99.1 

100.0 

24.8 

21.2 

25.4 

27.3 

16.6 

18.7 

16.6 

1 17.3 

I 

1 

3.5 

I 2.7 
! 2.5 
2.7 

3.1 

7.9 
6.8 

1.9 

7.35 

7.40 
7.38 

7.41 

1 

On 12 gm. NaCI daily -t- salt on food. 
After 3 days low NaCI, high Cl. 
After 14 days high Na, low Cl. 
j After 2 days high NaCI. 


4.fter 14 days of a full diet plus 12 gm. NaCI in capsules, a mixture of 
IsasSOj, and NasPO^ and NajCOs containing an equal amount of Na was 
substituted for the NaCI capsules and he was given a salt-poor diet. He 
was maintained on this regime for 17 days without discomfort, and with 
little or no change in his serum electrolytes. His chlorids (as Cl) intake 
and urinary output feU to less than 1.5 gm. daily. This satisfied us that 
ne could be kept from crisis by other sodium salts as well as by NaCI. He 
was up and about the ward quite as a healthy, cheerful person. He had, 
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however, become weary of hospital life and asked for a vacation. He 
was allowed to go home December 10, on a full diet plus 16 gm. NaCl 
daily in capsules. 

He returned to the Out-Patient Department by appointment, Decem- 
ber 20, with a blood pressure of 120/80, feehng strong and with a good 
appetite. A week later, although he had continued to take the same 
amount of NaCl, his appetite was not as good and he had been sleepless; 
blood pressure, 98/65, pulse 84 and temperature 36.3° C. The clinic physi- 
cian, who had been his ward physician, noted his behavior and thought 
he was about to have a crisis and sent him into the hospital. 

On readmission, January 3, 1934, a general survey of his condition dis- 
closed no new developments, except that his color was lighter and the 
pigmented spots less numerous. Contrary to expectation, he did not go 
into crisis but remained well on his salt capsules (16 gm. daily) in addition 
to a liberal diet. Careful studies of his behavior did show liim to be irritable 
and “unhappy” at times. 

After 7 days, we undertook to make further studies of his salt metabohsm, 
but the evening of the first day on this new regime he was found irritable 
and confused in the night. Since this suggested the onset of crisis, our 
plans were changed, and he was given saline solution subcutaneously and 
intravenously, and glucose solution intravenously. The following day 
■with a blood sugar 47 and plasma chlorids 434 mg. %, he was in profound 
crisis. Signs of bronchopneumonia — rflles, dullness and broncliial breath- 
ing — became manifest. His temperature rose to 38.5° C., pulse to 120 and 
respirations 45. In spite of eschatin (20 cc.) and saline and glucose solution 
intravenously, he died that afternoon. Autopsy was not permitted. 

This patient presented a typical picture of Addison’s disease of 
the acute tjTpe, in all probability due to tuberculosis of the adrenal 
glands. In spite of the fact that the disease was advanced enough 
to lead to a crisis shortly after admission, he was maintained in 
fair condition for 4 months by NaCl alone, Avithout cortical extract. 
In one crisis, exhibition of NaCl was sufficient to bring him out, 
while in a subsequent one, cortical extract alone, even in large 
doses, Avas ineffective. This is at A'^ariance with the report of Snell.® 
The objection might be raised that cortical extract AA^as withheld 
too long. It Avas given as soon as the signs of impending crisis 
became manifest, at a time A\'hen AA'^e belicAm NaCl alone Avould 
have been effectNe. 

He remained in good condition when other sodium salts were 
substituted for NaCl. This supports Loeb’s suggestion that one 
of the phenomena of Addison’s disease is an abnormal sodium 
metabolism. Chlorid intake can be greatly reduced Avithout ap- 
parent detriment. It is interesting that in spite of the marked 
decrease in chlorid excretion— from 16.41 to 1.06 gm. per day on tlie 
loAV chlorid diet, there A\^as little change in his serum chlorids or 
total base. Finally, in the presence of infection, signs of crisis 
developed for AA’^hich all treatment AA’^as unavailing. 

Summary. In a patient Avith typical Addison’s disease clinically, 
a potent extract of the suprarenal glands alone Avas ineffecth’-e in 
the treatment of crisis. (3ther sodium salts could be substituted 
for NaCl Avithout detriment. 
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HISTOLOGIC CHANGES IN THE ADRENALS OF TUMOR- 
BEARING RATS. 

By C. S. McEuen, 

BESEAHCH ASSOCIATE, DEPARTMENT OF BIOCHEMISTRY, MC GILD UNIVERSITY, 

AND 

H. Selye, 

ASSISTANT PROFESSOR, DEPARTMENT OP BIOCHEMISTRY. MC GILL UNIVERSITY, 

MONTREAL, CANADA. 

Areas of infiltrating cells have frequently been noted in this 
laboratory in the course of histologic examination of the adrenal 
glands and periadrenal fat of young male albino rats bearing the 
Walker rat tumor, a transplantable malignant tumor of mammary 
origin which has been regarded as a carcinosarcoma. Similar areas 
of infiltration have been encountered in a variety of pathologic 
conditions, including cancer, in man (Paunz*). 

In the adrenal medulla the infiltrating cellg are composed of 
leukocytes and lymphocytes (Fig. 1), although they sometimes 
consist exclusively of eosinophilic leukocytes. These ceils appear 
in large numbers within the medullary veins, but are still more 
frequently found in the neighborhood of the vessels, between the 
epithelial cells. Occasionally we have observed small homogeneous 
basophilic granules, which we regard as degenerated lymphocytes. 

The same cellular elements are encountered in the adrenal cortex 
(Fig; 2),. in a still larger proportion of glands examined. In this 
region we have also found accumulations of epithelioid cells, very 
similar to the adrenal cortical cells except in that they possess a 
decidedly basophilic cytoplasm. In some cases, infiltrating cells 
were also found in the periadrenal tissue, the spleen and the liver. 

^eas of infiltration have been observed in approximately one- 
third of a total series of over 130 rats bearing this tumor; since 
serial sections were not made, the incidence may be higher. These 
areas, which never occur in normal rats, wej’e not observed in 
animals which were sacrificed when the primary tumor weighed 
less than 50 gm. It is, therefore, quite possible that they represent 
a reaction to necrotic processes occurring within the larger tumors, 
rather than to the malignant growth as such. This was all the more 
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likely, since we were able to show in a previous communication that 
the changes occurring in the pituitary gland of tumor-bearing .rats 
which have been considered as characteristic of cancer are simply 
the result of tissue decomposition.- 

In order to test this theory we implanted 10 adult male albino 
rats, of the same age as those used in the tumor experiments, with 
fresh kidneys, taken from other albino rats. These implants were 
made under sterile conditions intraperitoneally at intervals of 3 to 
10 days during a period of 49 days; the animals were then killed. 
Each of them received 12 kidney implants during this period. 
Although postmortem examination showed that the implanted kid- 
neys were necrotic and had been largely absorbed, and the animals 
all showed the characteristic histologic changes in the hjTiophysis 
which we described in our previous paper, none of them had areas 
of infiltration in the adrenals. We have to conclude, therefore, 
that the formation of these areas in the adrenals of the tumor-bear- 
ing rat is not ascribable to the factor which produces the charac- 
teristic changes in the hj'pophj'^sis. Since, on the other hand, such 
areas may very rarely be seen in the adrenals of clu'onically infected 
rats, we are not inclined to consider them as characteristic of the 
presence of living neoplastic tissue. 

This view is also substantiated by another experimental series of 
12 non-tumor-bearing rats, which were injected (6 subcutaneously 
and 6 intraperitoneally) twice daily with 2 cc. of necrotic tumor 
material prepared as follows: The peripheral zones of growing 
tissue were removed from large tumors weighing from SO to 150 gm., 
the central portions, consisting almost entirely of necrotic cells, 
being placed in the freezer (—6° C.); after repeated freezing and 
thawing for 7 days, this necrotic tumor material was ground with 
sand, suspended in 3 volumes of 0.2% aqueous solution of sodium 
carbonate containing 0.25% tricresol, and centrifuged for 1 hour; 
the supernatant fiuid was then decanted off for injection. These 
injections did not lead to the formation of tumors in any of the 
12 experimental animals; 50% of them, hoAvever, developed abscesses 
at the site of injection and were accordingly sacrificed after. 43 daily 
injections, the rest being treated for 5S days altogether. Histo- 
logical examination revealed the presence of areas of infiltration 
in the adrenals in 3 cases, in the spleen in at least 7 cases, and in 
1 case in the liver. Degenerative changes in the pituitary, similar 
to those observed in tumor-bearing rats,® Avere noted in 3 animals 
of this series. 

Summary. Areas of infiltration of leukocytes and Ijunphocjdes 
in the adrenal medulla and cortex of rats bearing the Walker rat 
tumor are described, and the possible causes of their formation are 
discussed. 
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Fig. 1. — Areas of infiltrating cells within the medulla. 



Fig. 2.— Infiltrating cells within the adrenal cortex. 
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BENCE-JONES PROTEINEMIA IN MULTIPLE MYELOMA. 

Bt a, Cantarow, M.D., 

biochemist, JEFFERSON HOBPITAI.: ASSOCIATE IN MEDICINE, JEFFERSON MEDICAL 
COLLEGE, PHILADELPHIA, PA. 

(From the Laboratory of Biochemistry and the Department of Medicine. Jefferson 

Hospital.) 

Qualitative and quantitative abnormalities of the blood serum 
proteins have been reported in occasional cases of multiple myeloma. 
The occurrence of Bence-Jones proteinemia, associated with hyper- 
proteinemia, is, however, so unusual that even a single case is 
worth recording. 

Case Abstract.— T. P., white female, aged 41, was admitted to this 
hospital, January S, 1934, service of Dr. McCrae, complaining of severe 
pains in back, radiating down legs and up left side of body; precordial pain 
and dyspnea on exertion, that had been present for 3 months. Her previous 
health had been good. 

Physical examination revealed marked pallor, slight enlargement ot 
heart to the left and tenderness over ribs and scapula;. Pulse, 80 to 120] 
blood pressure, 140 /70 ; respirations, 22 ; temperature ranged from 98 to 100 

F. during stay in hospital. , . , . -r.v j 

Roentgen toy examination: areas of bone destruction in 1st, 6th, 7th ana. 
9th ribs, both clavicles, both scapula;, skull, both humeri and femurs, 
pelvis, left ulna and right radius. Diagnosis: multiple myeloma. 

Laboratory Studies. Urine (January 17, 1934). Sp. gr. 1012 to 1020; 
cloud of albumin, few granular casts; Bence-Jones protein in large amounts. 
Several examinations revealed essentially the same findings. 


Table 1.— Blood Chemical Findings. 


Date. 

NPN 
mg. % 

, Great, 
mg. % 

Choles- 
terol 
mg. % 

Ca 

mg. % 

P 

mg. % 

CO 2 

capac- 

ity 

vo!. % 

Total 
protein 
gm. % 

Alb. 
gm. % 

1 : 

Glob, 
gm. % 

1-18-1934 

93.3 

6.1 

147 ^ 

12.9 


37 

8.7 ' 

2.9 

5.8 

1-31-1934 

84.5 

6.5 


1.9.2 

6.8 

32 

11.3 

2.8 

8.5 


Table 2. — Blood Protein Partition. 


Date. 

Total 

protein.* 

Alb.* 

Grams 

1 

i Glob.* 

per 100 cc. j 

Precipitated protein (80° C.) 

By diflercnce. 

I Direct determina- 
tion. 

1-18-1934 

1-31-1934 


2.9 

2.8 

2.6 

2.9 

3.2 ' 

5.6 

3.0 

6.2 


* In supernatant fluid after precipitation at 80° C. and centrifugation. 


Blood Count. Hemoglobin 28 to 30% (Dare); red blood cells 1,300,000 
to 1,900,000; white blood cells 1700 to 4700; diferential count essentially 
normal. 

IF assermann and Kahn reactions negative. 

The patient received three whole blood transfusions of 200 cc. each and 
left the hospital against advice on February 3, 1934. She was subsequently 
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admitted to the Philadelphia General Hospital (February 18, 1934) where 
she died. 

The diagnosis of multiple myeloma (granulocytic type) was confirmed at 
autopsy, the report of which was made available through the courtesy of 
Dr. R. P. Custer. The kidneys showed chronic nephrosis with diffuse 
interstitial fibrosis and the parathyroid glands were shghtly enlarged, 
showing fatty infiltration on liistologic examination. 

It is of interest to note that a few days before death (February 27, 1934) 
the blood creatinin had risen to 13.6 mg. and the serum phosphorus to 
12.5 mg. per 100 cc.; the serum calcium was 9.2 mg. while the total serum 
protein had fallen to 6.84 gm. per 100 cc. 

Special studies of the serum for Bence-Jones protein were performed as 
in the cases reported by Wintrobe and BuelP and Shirer, Duncan and 
Haden.2 

1. The serum was heated in a water bath. Precipitation was observed 
to begin at 52° C., gradually increasing with an increase in temperature to 
65° C. The degree of precipitation was distinctly less at 85°, increased 
again upon cooling to 65° and disappeared at 10° C. 

2. The serum was heated to 80° C. and was centrifuged at high speed 
for 20 minutes. The supernatant fluid was removed and was examined 
for total protein, albumin and globulin. These values are presented in 
Table 2. 

3. The precipitate was washed wdth and suspended in distilled water 
and the protein content of the suspension determined. The values obtained 
for the two specimens were 3 and 5.2 gm. per 100 cc. respectively, being 
slightly lower than the figures obtained by the indirect method cited above. 

4. After washing several times with water, a portion of the precipitate 
was treated with alcohol of increasing strength, then with absolute alcohol 
followed by ether and finally it was dried in a vacuum desiccator over sul- 
phuric acid. The white powder thus obtained responded to the usual 
protein color reactions, was readily soluble in dilute acids and alkalies and 
precipitated from such solutions upon neutralization. Precipitation oc- 
curred in the faintly acid solution at 50° C., was apparently complete at 
75° C. and the precipitate went into almost complete resolution upon 
boiling. 

Discussion. Attention has been directed in recent years to the 
occasional occurrence of hyperproteinemia in patients with multiple 
myeloma. Values for total serum protein ranging from 9.35 to 
13.84 gm. per 100 cc. have been reported by Perlzweig, Delrue 
and Geschickter,® Bannick and Greene,'* Wintrobe and Buell,* 
Shirer, Duncan and Haden,- Bonninger,® Reimann,® Johansen,^-® 
Jores® and Kumpf.*® Qualitative abnormalities of the serum pro- 
teins have also been noted by a few observers. Bence-Jones protein 
or a protein resembling it has been demonstrated in the blood plasma 
of individuals with multiple myeloma by Ellinger,** Askanazy,*® 
Jacobson,*® Abderhalden.*^ Gabbe,*® Hewitt,*® Zadek and Lichten- 
stein,*'^ and Shirer, Duncan and Haden.* Shirer, Duncan and Haden* 
and Short and Cra-wford*® described the formation of a hea\’^’- pre- 
cipitate in the process of inactivating the blood serum at 56 ° to 60 ° 
C. during the performance of the Wassermann test. Wintrobe and 
Buell* observed spontaneous precipitation, at room temperature, 
of an abnormal protein -which, however, did not conform to the 
recognized characteristics of Bence-Jones protein; furthermore, the 
latter substance could not be demonstrated in the mine. 
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The characteristics of the abnormal protein in the blood plasma 
in the present case correspond closely to those of Bence-Jones pro- 
tein. It is interesting to note that the substance was precipitated 
with the globulin fraction (by 22.2% sodium sulphate) in the deter- 
mination of serum albumin. Similar findings were obtained by 
Shirer, Duncan and Haden^ in 2 cases, suggesting the close relation- 
ship between Bence-Jones protein and globulin which has been 
stressed by Hopkins and Savory^® and Taylor and Miller.^® The 
purified preparation gave practically typical precipitation reactions 
of Bence-Jones protein except for the fact that resolution was not 
complete at 100 ° C. This, however, may have been due to the pres- 
ence of a small quantity of globulin, carried down with the precipi- 
tate of Bence-Jones protein. 

This combination of hyperproteinemia and Bence-Jones protein 
in the blood of patients with multiple myeloma has apparently 
been conelusively demonstrated previously only by Shirer, Duncan 
and Haden® although it probably also existed in the case reported 
by Jacobson.^^ The frequent failure to detect Bence-Jones protein 
in the blood is probably due to the fact that its characteristic prop- 
erties of precipitation at relatively low temperatures and resolu- 
tion at higher temperatures are by no means invariably exhibited. 
These phenomena are influenced by several variable factors, includ- 
ing the hydrogen-ion concentration, various electrolytes, organic 
compounds and the quantity of Bence-Jones protein. Although 
this substance has been isolated in pure, crystallin form from the 
urine by Bayne-Jones and Wilson,^* there is abundant evidence, 
as stated by Wintrobe and Buell,^ that it should be regarded not as 
a chemical individual but rather as a “class of substances which 
exhibit in common this peculiar precipitation phenomenon.” 
Although the characteristic precipitation at 50° to 60° C. of a protein 
obtained from blood plasma has been reported by several observers, 
as noted above, partial or complete resolution at higher tempera- 
tures has been reported previously only by Ellinger,^^ Abderhalden^^ 
and Shirer, Duncan and Haden.^ 

Hypercalcemia has been observed in several patients with multi- 
ple myeloma. Serum calcium values ranging from 11 to over 18 mg. 
per 100 cc. have been reported by Barr and Bulger,®^ Bulger and 
Gausmann,®® Jores,® Caylor and Nickel,^,^ Shirer, Duncan and 
Haden,2 Gutman, Swenson and Parsons^® and Reimann.® Of inter- 
est in the present case is the fact that the serum calcium concentra- 
tion of 12.9 mg. per cent fell to 9.2 mg. although the serum protein 
concentration simultaneously inereased from 8.7 to 11.3 gm. per 
100 cc. The diminution in serum calcium may have been due in 
part to the increase in serum inorganic phosphorus but it cannot be 
satisfactorily explained solely on this basis. One must admit that 
the hypothesis that hypercalcemia in multiple myeloma is depend- ' 
ent upon hyperproteinemia, although plausible, is far from being 
well established. The possible existence of a state of secondary 
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hyperparathyroidism, the excessive mobilization of calcimn from 
involved areas of the skeleton, and the presence of marked renal 
functional impairment and acidosis are complicating factors of 
probable importance in this connection. Of particular clinical 
importance is the fact that both the serum calcium and the serum 
protein concentrations fluctuated considerably during the period 
of observation (7 weeks), emphasizing the necessity for repeated 
studies, particularly when normal findings are obtamed. 

Summary. 1. A case is reported of multiple myeloma (granulo- 
cytic type) with severe anemia and renal failm-e. Bence-Jones 
protein was present in the imine and was also demonstrated in the 
blood sermn. 

2. The total serum protein concentration varied between 6.S4 
and 11.3 gm. per 100 cc., the Bence-Jones protein being approxi- 
mately 3 gm. when the total protein was 8.7 gm. and 5.2 gm. when 
the latter was 11.3 gm. per 100 cc. 

3. Hypercalcemia (12.9 mg. per cent) was present at the time of 
admission, the serum calcium concentration falling to 9.2 mg. per 
cent while the serum inorganic phosphorus concentration increased 
from 5.8 mg. to 12.5 mg. and the blood creatinin from 6.1 mg. to 
13.6 mg. per 100 cc. 

4. The relatively rapid and marked fluctuations in serum protein 
and serum calciiun concentrations in patients with multiple mye- 
loma and the variability of the several factors which determine 
the characteristic precipitation reactions of Bence-Jones protein 
emphasize the necessity for repeated studies in such cases. 
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Physiology in Health and Disease. By Gael J. Wiggees, M.D., Pro- 
fessor of Physiology in the School of Medicine of Western ReserTC Uni- 
versity, Cleveland, Ohio. Pp. H56, 182 illustrations. Philadelphia: 
Lea & Febiger, 1934. Price, S9.00. 

This book is not only a detailed textbook of normal physiology but also 
deals with functional changes in pathological conditions. We have here a 
most fortunate opportunity of benefiting by the knowledge of an exprai- 
mental physiologist who is willmg to apply his research experience to clinical 
matters. 

Too often are physiologists unwilling to discuss the functional changes 
in abnormal conditions in man, sometimes perhaps because the physiol- 
ogist is a doctor of science and not a doctor of medicine. It therefore often 
becomes necessary for the pathologist or the clinician to attempt applica- 
tion of his own perhaps hazy arm-chair knowledge of recent developments 
in physiology to the clinical conditions that confront him. But in this 
book. Dr. Wiggers makes these applications for him, in such matters as 
headache, sleep loss, deafness, clinical motor and sensory disturbances, 
visceral pains, diseases of the blood, clinical disturbances of respiration and 
circulation and of the gastro-intestinal tract, hypertension, edema of various 
clinical types, metabolic and endocrine diseases and many other clinical 
■conditions. 

This book is a storehouse of critically selected information both for those 
who are essentially interested in pure physiology and for those who are 
clinicians and pathologists. I. Z. 


Heeedity and Disease. By Otto L. Mohr, M.D., Professor of Medicine, 
The Royal Frederiks University, Oslo; Pp. 253; 107 illustrations. New 
York: W. W. Norton & Co., Inc., 1934. Price, 83.50. 

This monograph is the outcome of a series of Dunham lectures delivered 
at Harvard University during the past year. The author states that his 
book represents an attempt to arouse interest in the role played by heredi- 
tary factors in bringing about disease conditions. The Reviewer has no 
doubt but that Professor Mohr has admirably succeeded in his aim. There 
are discussed in a clear and readable style such topics as the Mendelian law 
of heredity, the genes, dominance and recessiveness, the basic concepts of 
the relation of heredity and disease, the mechanism of set determinations; 
intermarriage, etc. All of these topics are of interest not only to the physi- 
cian but to the educated layman as well. The illustrations are for the most 
part well chosen diagrams. It is hoped that this work may prove an intro- 
duction to a field that is of constantly increasing importance to medicine, 
indeed to every field of biology. B. L. 


The Constitution and Its Reaction in Health. By T. E. Hammond 
F.R.C.S., Assistant Surgeon, The Royal Infirmaiy, Cardiff; Consulting- 
Urologist, The Welsh National Memorial Association. Pp. 160. London- 
H. K. Lewis & Co,, Ltd., 1934. Price, 7/6. 

Much of interest and importance to both layman and clinician is to be 
found m this attempt to recapture appreciation of the importance of the 
constitution in _hea,lth and in convalescence. The Constitution in Disease 
is to be dealt with in another book. Though the author is aware of modern 
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.studic.s of the eon.stitiitioii (Draper luid Hurst even l)eiiiff (piotcd with 
a})proval), Jonathan Hutchinson is his lush priest and Hutcliiuson’s “Pedi- 
gree of Disease” his Pentateuch. A characteristically British sanity warns 
conwncinglj’’ against excesses of fresh air, sun, bathing and exercise and 
sagety advises al^out the differences in the rules of liealth at different ages 
and for the Iwposthenic and hypersthenic t 3 ’pes. Though there is too 
much deduction from analogy and few would accept todaj’- such opinions 
as that the full moon has an effect u])on those with mental disorders, or 
that mercury and gold act beneficentlj’’ on the centers of energj’', neverthe- 
less the book as a wiiole emphasizes forcibly a point of view that today 
sadly needs forcible emphasis. E. K. 


Tumors of the Fexl^le Pelvic Organs. By Joe Vincent Meigs, A.B., 
M.D., F.A.C.S., Instructor in Surgery, Harvard Medical School; Surgeon 
to Out-patients, Massachusetts General Hospital, etc.; with a foreword 
by Robert B. Greenough, M.D., President-elect of the American 
College of Surgeons, 1933-34; etc. Pp. 533; 261 illustrations, some in 
colors, and 49 tables. New' York: The INlacmillan Companj'", 1934. 
Price, S6.00. 

In this thorough exposition of the new growths of the female pelvis, 
Dr. Greenough states that no other group of tumors has created so much 
interest in their relation to the glands of internal secretion, and no other 
group has benefited as much by the use of radiation. A discussion of 
etiology, diagnosis, pathology and treatment— based upon a wide clinical 
experience— precedes a full pathologic and follow-up study of a fair sized* 
^oup of cases from the Massachusetts General Hospital, and a discrimina- 
tive sifting of the literature upon the subject. The clinical teaching is 
eminently sound, the pathologj' is copiously illustrated by many color 

plates and photographs and well executed ’ . The literarj' 

references are carefully chosen and as w^ell ^ . ct. 

Of particular interest is the section on rare tumors of the ovary, the 
malignant embryonal tj^ies, disgerminomas and arrhenoblastomas. The 
section on cancer of the ceri’ix uteri is most complete. The section on 
treatment and follow^-up deductions based upon tumor type is excellent. 

The use of the classification of the American College of Surgeons affords 
a comparable value for the results showm. This is a triple offering for the 
use of the g 3 mecologist or surgeon, the pathologist and the roentgenologist 
and should be of much jiractical service to any of the three groups. 

P. W. 


The Heart Visible, A Clinical Study in Cardiovascular Roentgen- 
ology IN Health and Disease. By J. Polevski, M.D., Attending 
t Physician and Cardiologist, New^ark Beth Israel Hospital. Pp. 207; 
122 illustrations. Pliiladelpliia: F. A. Davis Company, 1934. Price, 
S5.00. 

The author states that this book is for the radiologist who has the scien- 
tific curiosity of a clinician and for practitioners w'ho do not realize the 
value of a roentgen examination in cardiovascular conditions. Though he 
•states that most of the films and tracings have been verified at autopsj'’, 
throughout the book he neglects to indicate ivhich cases are so confirmed. 
Some of his conclusions do not agree with mj' impressions but the lack of 
autopsy confirmation leaves one unable to determine whether the author 
was correct in his premises. Under “General Considerations and Methods 
of Roentgenologic Studies,” the author has left out a considerable amount 
of information that the radiologist who is unfamiliar wdth this subject 
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would desire. It should be said, however, that if one reads carefully through 
the entire book, most of the things that I have reference to are either 
mentioned in the text or shown in the illustrations. The use of barium 
studies is not adequately explained; the use of various postures in demon- 
strating cardiac lesions is not touched upon; the use of the Buclcy diaphragm 
is excluded. Mediastinal and vertebral lesions are not considered. Possibly 
the Reviewer is a little too critical in this comment, but many of these pro- 
cedures have long been a valuable routine among radiologists in large 
institutions. The author, in discussing fluoroscopy, does not emphasize 
the necessity for well accommodated eyes, especially in the demonstration 
of sclerosis of the coronary vessels or calcification of the valves. The 
author then considers the normal heart, abnormal heart, pericardium and 
great vessels. There is an extensive bibliography after each chapter, but 
nowhere is it referred to in giving credit to the original authors._ One is 
struck with the great predominance of foreign authors in the bibliography 
even though well-kno-wir American authors have noticeably escaped tlm 
author’s attention. The chapter devoted to congenital heart lesions is 
relatively small. Under the great vessels the author did not include the 
rather important subject of dissecting aneurysm. The illustrations, dia- 
grams and print used in this book for the most part are excellent. It should 
find a certain demand, but the radiologist who looks to have the subject 
of cardiac radiologist thoroughly covered will be disappointed. E. P. 


Benign Encapsulated Tumors in the Lateral Ventricles op the 
Brain. Diagnosis and Treatment. By Walter E. Dandy, M.D., 
Adjunct Professor of Surgery, Johns Hopkins University. Pp. 189; 
83 illustrations, 2 tables. Baltimore: The Williams & Willdns Company, 
1934. Price, 84.50. 

Dandy reports on 40 benign encapsulated tumors in the lateral ventricles, 
15 of which are his own personal cases, and 25 are collected from the 
literature. In addition he mentions briefly 7 small tumors of the choroid 
plexus and a small group of malignant tumors of the lateral ventricles. 

He concludes that there is no sjmdrome characterizing the benign ven- 
tricular tumors and expresses "a very serious doubt that a clinical syndrome 
for tumors in the lateral ventricles can ever be established.” In the last 
analysis the diagnosis depends on ventriculography Avhich accurately locates 
the tumor and provides the surgeon Avith important information concerning 
the approach to the tumor by operation. In Dandy’s 15 cases, localization 
Avas made by ventriculography in 11, by ventricular estimation in 2, by 
neurologic signs in 1 and by a misdirected cerebellar operation in 1. The 
changes produced in the ventricular system by tumors in the lateral ven- 
tricles are: (1) A border or fillmg defect of the tumor; (2) hydrocephalus; 
(3) deformity and dislocation of the ventricular system. Dandy says, 
“Absolute precision in localization of the tumor by ventriculography must 
dictate the exact site of the operative exposure. A misplaced e.xposure 
is certain to be productive of extensive injury to the brain and aauU prob- 
ably end in a fatality.” 

The operative mortality in Dandy’s series was 20% Avith no deaths in 
the last 7 cases and no recurrence in the last 12 cases. The longest surAUA'-al 
is 15 years, the next 13 years. Dandy thinks recurrence will be unlikely. 

The pathology of these tumors is A’-aried. Four arose in the glomus of 
the choroid plexus; 1 Avas an angioma, 1 an adenoma and 3 otliers are 
classified as “pure fibromata of the clioroid plexus.” I’lie other tumors 
Avcre not easily classified, lieing different from all other intracranial tumors 
e.xcepting some arising from the third A^entricle. They are encapsulated 
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and often attached to the epend 5 rma. Their encapsulation and failure to 
recur led him to classify them as benign. Their histologic features are more 
or less disregarded from this standpoint. 

The illustrations are clear and convey a good deal of valuable meaning, 
but the case reports are poorly constructed. Articles are frequentl}’’ 
omitted and the style of the case reports recalls too vividly many cryptic 
hospital case records. The pathologic study of the specimens leaves a 
great deal to be desired, but as Dandy himself says, he must “defer the 
ultimate microscopic classification to more competent students of path- 
ology.” The tumors represent an interesting group but the report might 
easily have been included in a single article rather than a monograph. 

B. A. 


Diattherapie der LungentubbrivULose. By Dr. Max Gerson, Wien, 

Mit Rontgenbefunden und einem Rontgenkapitel von Dozent Dr. 

Felix Fleischner, Wien. Pp. 619; 154 illustrations. Leipzig; Franz 

Deuticke, 1934. Price, M. 36. 

In this comprehensive work the author presents the principles, practical 
application and clinical results of his dietary therapy for pulmonary and 
other forms of tuberculosis, which is known as the Gerson diet, and describes 
those difficulties and complications wdiicli necessitate modifications of the 
diet in particular conditions. Emphasis is placed on favorable results in 
severe and very severe cases which had either failed to benefit by previous 
surgical procedures or in whom such procedures were impracticable. 

The author has treated about 650 cases of pulmonary tuberculosis vith 
the Gerson diet during the past 11 years, most of which were ambulatorj' 
patients. In 1932 Prof. Zondek placed for 1 year 25 pulmonarj' cases of 
the Urban Hospital, Berlin, under the author’s direction. These cases 
were selected by Freund and Zondek as patients regarded as therapeutically 
uninfluenceable, but the study was interrupted by the National Socialist 
Revolution. 

No accessory therapies of any land were employed. The medication 
consisted of administration of phosphorized cod-liver oil, Gerson’s mineral 
mixture, calcium bromid, caffein enemas, and a few patients received, in ad- 
dition, hormonal preparations (vigantol, codeia and coagulen) occasionally. 
Twenty-six private cases are also described in great detail. 

The blood chemistry was followed in all cases and roentgenograms were 
taken at regular intervals of 3 to 7 weeks, all of which were interpreted by 
Fleischner of Vienna. In a chapter on “The Anatomic and Roentgenologic 
Morphology of the Curative Processes in Pulmonary Tuberculosis,” atelec- 
tasis receives special consideration. 

No less than 29 chapters are devoted to theoretical and practical consid- 
erations relating to predisposition, immunity, anaphylaxis, allergic dis- 
eases associated with tuberculosis, exacerbations, dietary therapy as an 
antiallergic treatment, tuberculous inflammation and the tissue ruction 
and edema, acid and alkaline therapy, demineralization and transraineral- 
ization, the mineral metabolism, etc. 

The theoretical part is followed by full details of the practical application 
of the Gerson diet, the medication, accessory therapies, etc. Here it may 
be well to point out that the author has repeatedly modified the Gerson 
diet since its first introduction in 1923 and that he claims for the latest 
modification, which dates from 1932, better and quicker results than for 
the previous forms of tliis dietary. 

The application of the present Gerson diet with its four phases and 
numerous substages is very laborious and complicated; it behooves us 
therefore to inquire whether the results wliich this therapy is capable^of 
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yielding justify these efforts. The author points out that the results 
mainly based on 51 cases of pulmonary tuberculosis with cavitation 
werG obtained under climaticaliy unTJivorable conditions in cities, and that 
a more favorable environment would probably yield even better results 
because altitude, isolation, etc., would tend to support the dietary therapy. 

Of the 51 cases, 5 (10%) were mild ones, 5 (1Q%) moderately severe, 
23 (45%) severe, and 18 (35%) very severe. The 41 severe cases involved 
tissue destruction of so far-reacliing a nature that the literature contains 
only a few references to similarly favorable results in such cases. Particu- 
larly 8 of the 18 very severe cases showed results which the author regards 
as of fundamental importance because they illustrate possibilities in the 
cure of tuberculous lung tissue which have so far been underestimated by 
anatomists. 

On the basis of his entire experience the author claims that the Gerson 
diet is capable of curing the most severe forms of pulmonary tuberculosis 
and that even cases which have hitherto been regarded as hopeless can be 
saved by it. On the other hand, the diet must not be regarded as a prophyl- 
actic against renewed infection unless it is followed by adequately prolonged 
suitable dietary after-treatment. The author states that the dietary treat- 
ment, if carried out as directed, must necessarily show the patient’s improve- 
ment (influence on cavities) in the roentgenograms, though the time in 
which this manifests itself will vary greatly. 

The claims advanced by the author are not in line with the results 
obtained by the majority of the clinicians wdio applied the older forms of 
the Gerson diet in pulmonary tuberculosis. Nevertheless, having regard 
for the modification of the diet and the impressive material which is now 
presented, this book should prove of interest to clinicians, and suggests the 
desirability of further study of the diet. Comprehensive authors’ and 
subject indexes and numerous references to the literature are given. 

E. M. 


Franklin Paine Mall, Anatomist. By Florence Rena Sabin. Pp. 

342; 6 illustrations. Baltimore: The Johns Hopkins Press, 1934. 

Price, S2.75. 

The author, who worked for 20 years under Mall at Baltimore, having 
prepared for the National Academy of Science an analysis of his scientific 
activities, has now, at Dr. Welch’s suggestion, prepared Mall’s biography, 
a companion volume to McCallum’s Halsled. After an unpromising start 
in our Mid-West, she tells us how he was fortunate enough to go to (Germany 
for postgraduate study in “the golden age of the German University.’’ 
First studying ophthalmology at Heidelberg, he moved on to anatomy 
and embiyology with His and especially to physiology with Carl Ludwig, 
from which two men he caught the inspiration that he so richly passed 
on to others. There he became steeped in a thoroughly congenial scholarly 
atmosphere that bore its important fruit, when, in 1893, he was invited 
to orgamze the department of anatomy at the new Hopkins Medical 
bchool. His teaching was to be of the elbow, inductive variety (only 
partly, because he was a poor lecturer) and the teacher, even in his students’ 
routine dissections liad abvays to be the investigator. He did not regard 
his refoms in the teaching of anatomy as “Germanizing the dissecting 
room, but rather as “dependent more on what Hu.\ley did and said.” 
(.Letter to Arthur Keith.) “Your body is your own text book” is excellent 
sen education for the good students, but one might interpolate that his 
attitude toward the poor ones (like his remark to his mfe as he watched 
her bathe her baby, 5yhy don’t jmu just throw her in and let her work 
out per oum technique?”) pould hardly produce satisfactory results, por 
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did he expect it to or seem to care. Severely critical and caustic at times, 
yet amusing and kindly at others, this complex personality has been deftly 
handled by Dr. Sabin. As his “character of teaching” she takes L. C. 
Miall’s assertion: “The spirit of enquiry is only to be communicated 
b 3 '’ those who habitualty enquire themselves.” The story is interesting 
and authoritative — the mistakes few: As far as I loiow, Shippen never 
spelled his name with an “a” and it is surprising to see liim linked vuth 
Leidj’- as a contemporary. This storj'- of a great investigator’s develop- 
ment should be of special interest to medical readers as it coincides with 
the most important change in medical education that this country has 
exjierienced in more than a century. E. K. 


The Br.vin as an Organ. Its Postmortem Study and Interpretation. 
By Frederic Wertha:\i, M.D., Formerly Associate in Psychiatry, Johns 
Hopkins Hospital and hledical School, etc., and Florence Wertham, 
Formerly Charlton Fellow in Medicine, Johns Hopkins University, etc. 
With an Introduction Iw Adolf MEraR, M.D., Psj'chiatrist-in-Chief, 
Johns Hopkins Hospital. Pp. 538; with text illustrations and 166 plates. 
New York: The Alacmillan Company, 1934. Price, §7.50. 

The several texts on neuropathology that have appeared during the 
past two years indicate a revival of interest in the structural pathology of 
the nervous system. The present book is a valuable addition. As the 
title suggests, this work is an attempt to integrate neuropathology, to 
consider the brain as an organ rather than as a composite of many more 
or less independent loci of nervous activity. This point of view is presented 
in a stimulating introductory chapter from which the follmving may be 
quoted : “ It is not exaggeration to describe current practice by saying that 
general pathologists study the human organism as a body without a brain, 
while neurohistologists stud}’- the brain as an entity without a body. General 
pathologists have been inclined to regard the brain as anj’' organ so far 
as technical methods are concerned, but as something totally different in 
respect to the interpretation of lesions. Just the opposite should be done. 
The dissociation of neuropathology from general pathology was perhaps 
inevitable until it had formulated its own problems and worked out its 
oum methods. Thp next step, in our opinion, must be a closer union with 
general pathology.” 

This indeed is as it should be. Several chapters are devoted to the 
technique of macroscopic and microscopic examinations of the brain, and 
to discussion of the kinds of lesions of the nervous parenclwraa and their 
distribution. B. L. 


NEW BOOKS. 

Diabetes MeUitus and Obesity. By Garfield G. Duncan, M.D., C.M. 
(McG.), Associate in Medicine in the Jefferson Medical College, Phila- 
delphia; Assistant Physician to the Pennsylvania Hospital, etc. With 
an Introduction by Thom.as McCrab, M.D., Professor of Medicine in 
the Jefferson Medical College, etc. Pp. 215; 9 illustrations and 40 tables. 
Philadelphia: Lea & Febiger, 1935. Price, 82.75, 

Stammering and Allied Disorders. Bv C. S. Bluemel, M.A., M.D., 
F.A.C.P., M.R.C.S. (Eng.). Pp. 182. New York: The Macmillan 
Companj', 1935, Price, 82.00. 
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A Suniwary of llic Trculnienl of Frnchtres ami Dislocaliomi. By 11. Buoom- 
iiEAD, M.b! (Leeds), F.ILC.S., Siirgeon, Ortliopeclic Department, Gen- 
eral Infirmary at Leeds; Consulting Orthopedic Surgeon, St. James’s 
Hospital, Leeds, etc. Pp. 39, mostly tables. Leeds; Jowett & Sowiy, 
Ltd. (Printer). Price, 3/6 including postage, from Mr. Henrj^ Walker, 
Briggate, Leeds. 

Poliomyelitis. A Handl^ook for Physicians and Medical Students. _ By 
John P. Landon, M.D., Attending Physician, Willard Parker Hospital; 
Special Consultant in Pediatrics, Woman’s Hospital, New York, etc., 
and Lawrence W. Smith, M.D., Pathologist, Willard Parker Hospital, 
etc. With a Section on the orthopedic after care of the disease by 
Garry DeN. Hough, Jr., M.D., F.A.C.S., F.A.A.O.S., Attending 
Orthopedic Surgeon, Shriners’ Hospital for Crippled Children, Springfield, 
Mass. Pp. 275; IS illustrations. New York; The Macmillan Companj'^, 

1934. Price, S3.00. 

The Clinical Aspects of Visceral Neurology. With Special Reference to the 
Surgerj"^ of the Sjnnpathetic Nervous System. By W. K. Livingston, 
M.D., Clinical Associate in Surgerj', Universitj" of Oregon Medical School. 
Pp. 254; 46 illustrations. Springfield, 111.; Charles C Thomas, 1935. 
Price, -So.OO. 

The Technique of Post Mortem Examination. As Practised in the Patho- 
logical Institute of McGill University at the Royal Victoria Hospital, 
Montreal. Compiled by D. R. Coman, M.D., C.M., Assistant to the 
Instructor and Demonstrator in Pathological Anatom3^ Pp. 47; 12 illus- 
trations. Montreal; Renouf Publishing Compaiy, 1934. Price, .$1.40. 

Aledical Tactics and Logistics. Bj’’ Colonee Gustaiujs AI. Blech, Med- 
ical Reserve Corps, U. S. Army, and Colonel Charles Lynch, Aledical 
Corps, U. S. Arnij’-, Retired. Pp. 205. Springfield, 111.; Charles C 
Thomas, 1934. Price, S4.00. 

Report on Seventh International Co7igress of Military Medicine and Phamnacy, 
Madrid, Spain, May-Jime, 1983. By William Seajun Bainbridge, 
Captain, M.C.-F., United States Naval Reserve; Alember of the Per- 
manent Committee, Delegate from the United States. Pp. 88; illustrated. 
Alenasha, Wis.; George Banta Publishing Companj'-, n.d. (Price not 
given.) 

An intercstins report coverinR medical services in wartime, military vaccina- 
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STUDIES ON STAPHYLOCOCCI. 

Considerable progress lias been made recently in our understanding 
of the pyogenic cocci and tlie many tj^pes of infection they produce. 
Last year studies on hemolytic sti-eptococci were considered and this 
year we are giving a similar discussion of the staphylococci. Staphylo- 
toxin has more or less dominated the investigations in tlie last few 
years, but many phases of the problem of staphylococcal infection have 
been stimulated and better methods for classification and biologic 
studies have been developed. 

Differentiation. Pigment. The recognition of the pathogenic and 
virulent strains of staphylococcus has always been difficult, since no 
fully satisfactory criteria for the purpose have been at hand. Thomp- 
son has attempted a division into tliree groups, cliiefly on morphologic 
differences but, although this may help to eliminate certain larger 
forms whicli are of little significance in infection, it can be of little 
help to the larger problem. Altliough the aureus strains have long 
been considered as of exclusive importance, this view cannot be held 
too rigidly today. It is well recognized that several of the strains used 
by investigators for the production of toxin give white colonies (Nelis 
ct al.) or white substrains (Bigger). Burnet used a white variant as 
the standard toxicogenic strain, and Parish, O’Meara and Clark found 
the lightly colored am-eus better than the deeply colored parent strains. 

Pinner and Voldrich reported the derivation of Staphylococcus alhus, 
citreus and roseus from pathogenic cultures of Staphylococcus aureus. 
Tlie alhus strains could be changed back to aureus strains by long 
growth in the presence of antialbus serum. These derived strains were 
all apathogenic strains. These autliors believe “it may be ivise not 
to dismiss too lightly the finding of Staphylococcus alhus in human 
tissue or body fluids” and tlie Reviewer agrees that tlie e\fidence from 
toxin and other products of staphylococci sustains this view. Hoft'stadt 
and Youmans further describe the dissociation of a virulent Staphylo- 
coccus aureus into a number of colony forms with or without color 
changes and differences in speed of fermentation and substances fer- 
mented, vdtli loss in all of the idrulent feature of the original, but 
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with antigenic specificity by the agglutination and complement-fixation 
tests. They suggest that mixtures of these forms in cultures may 
account for the irregular findings in fermentation and other tests and 
that the a-\arulent form may remain in the body and, when virulence 
returns, produce lesions. In a more recent article these miters have 
discussed the genetic significance of such dissociant^. Pan ton, Valen- 
tine and Dix have shomi that the pigment, resembling carotin, has by 
itself no local or general effect in rabbits and that humans, sensitive or 
not to staphylococci, gave no reaction to it. Goadby found the removal 
of the lipoid material by alcohol and ether did not affect the antigenie 
power of the staphylococci to produce agglutinins but benzoylation 
prevents agglutinin production for the intact cocci. It will be generally 
agreed that the pigment responsible for the aureus color is not the 
determining factor in the infectivity of staphylococci, but the high inci- 
dence of Staphylococcus aureus in human and animal infections must 
not be lost sight of in the search for useful criteria of pathogenic strains. 
JNIost investigators have noted the frequent correlation of pigment mth 
other characters of significance in infections. Chapman ct ciL, after 
a study of some 5000 strains, have stressed the importance of an accu- 
rate determination of the color production in recognizing the toxic 
tj'pes of staphylococci along with hemolj’sis and coagulase activities. 

Cultural Methods. Hughes studied the growth requirements of 
Staphylococcus aureus and separated an activating substance from 
meat extract, belonging to the chemical group of “natm-al bases” which 
was heat stable in slightly acid or neutral solutions but rapidly destroyed 
in alkalin solution, was dialyzable through collodion membrane and, 
when added in an amount less than 1 mg. to 50 liters of synthetic media, 
activated the latter and gave a good gi’owth of staphylococci. Such 
a medium should serve as a valuable means for more careful analyses 
of many of the biochemical activities of these cocci. Birch-Hirschfeld 
used the culture method of Jacobstlial in wliich a layer of cellophane 
covers a thick agar plate. The easily dialyzable substances pass 
through tlie cellophane and serve as the medium for the staphylococcus 
and on which it produces hemolysin, protease and other substances 
in about 24 hours in lai-ger amounts tlian on ordinary media. Autolysis 
occurs in a few days and it is recommended for obtaining autolysates 
of staphylococci. Clifton noted that cultures of Staphylococcus aureus 
in broth develop and maintain rather intense reducing conditions. 
Following lysis by bacteriophage the potential increases to a more 
positive value. He gives data wdiich suggest that the observed oxida- 
tion-reduction potentials are a resultant of the metabolic activity of 
the cells. A .great deal has been learned about the cultural conditions 
which favor the production of toxic substances. Bigger demonstrated 
that the reaction during growth is of fundamental importance and 
showed tliat the various metliods — tlie presence of phosphate buffer, 
of carbohydrates or of both, or culture in an atmosphere containing 
added CO 2 — all depend on their buffer action in preventing too great 
an alkalinity. Ho-wever, he found that for some strains the carbohy- 
drate (glycerol) method with buffer is superior and with others, tlie 
COo method, and further that there are strains for which CO 2 is defi- 
nitely^ prejudicial. (See also Nelis ct al., Burnet and many recent 
investigators.) It is elearly evident that many in vitro conditions 
alter and determine the metabolic activity of staphylococci and how 
these can be correlated with those liable to occur in vivo is a matter for 
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mucli speculation. Reduced oxygen tension is often present in injured 
tissues, buffers and carbohydrates are available in varying degrees 
but there is no certainty as to just what the conditions niay be in the 
great variety of infections by staphylococci. 

Modes of Infection. There have been a number of interesting ob- 
servations relating to modes of infection. Duran-Reynals describes a 
soluble factor from invasive strains of staph^dococci, after autolysis or 
extraction, which markedly increases the permeability of tissues and 
enhances the infections produced by these organisms. This factor was 
studied on 53 strains of staphylococci from human lesions and was found 
to be closel}'^ correlated -with aureus characters, hemolytic power and 
liquefaction of gelatin. Variants toward the albus type were noted in 
old cultures; the typical R forms, showing cultural changes, were no 
longer invasive and had no spreading factor but sometimes a white 
variant retained a number of other characters as well as the invasive 
and spreading power. He further showed that the spreading factor 
enters the blood from the local site and increases the permeability of 
at least the skin and thus may enhance infections by the same or other 
bacteria in other regions. It differs from aggressin in being non- 
specific, thermostable and non-antigenic. The tentative inference 
drawn from his experiments is that virulence and invasiveness are not 
the same thing. In a later article he discusses the influence of testicle 
extracts which contains a similar spreading factor and shows that 
lesions produced by invasi\-e strains of staphylococci in high dilutions 
or by non-invasive strains at moderate dilutions are definitely lessened 
in severity or even suppressed by this factor. These studies serve to 
explain what may happen in certain types of staphylococcus infection. 
Menkin^ demonstrated that the trypan blue injected into an area of 
cutaneous inflammation induced by Staph^dococcus aureus, 1 hour 
after the inti-oduction of the cocci, failed to spread to the tributary 
lymphatics, while this blockage did not occur with pneumococcus 
Tj^pe I until after 6 or more hours nor with Sti-eptococcus hemolj'-ticus 
until 30 or 45 hours. This difference is explained by the early produc- 
tion of a fibrin network or thrombosis of the lymphatics by the former 
organism. A fm’ther study- of these phenomena showed that filtrates 
of Staphylococcus aureus fixes trypan blue in the skin of rabbits by 
causing occlusion of lymphatics and coagulation of interstitial plasma 
but after heating to 5S° C. for H hours does not do so. This filtrate 
unheated causes swelling, vacuolation and often degeneration of leuko- 
cytes suggesting its similarity or identity to leukocidin. The fixation, 
therefore, seems to be referable to the irritating property of the organism 
per se and also to the damaging effect of this toxin-like product. Sulli- 
van, Neckermann and Cannon studied the localization and fate of 
staphylococci after intravenous injection in rabbits, finding a rapid 
removal from the blood, particularly in the liver and spleen and an 
ingestion and destruction by tlie phagocytes. The primary localization 
occurs in organs with many macrophages and a sinusoid type of blood 
flow, whereas practically none occurs where the macrophages are few 
and where the blood flow is rapid in vessels with ordinary endothelium. 
Active intravenous immunization has little or no effect on the compara- 
tive localization but leads to a more rapid ren]o\'al and death of tlie 
bacteria due to the stimulation of mesenchymal tissue with .an elevation 
of the functional state of the macrophages. (See a later discussion on 
the effect of bacteriophage.) 
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Antigenic Toxic Factors (Staphylocoagulase.) Filtrates of staphylo- 
cocci have received the major attention of investigators during the 
last few years and the antigenic toxic factors have been very fully 
studied. Staphylocoagulase and its action on oxalated or citrated 
plasma, a characteristic product only of staphylococci, was for a long 
time thought to require the presence of living cocci for its manifestation 
in vUro, but Gross found it present in filtrates but onlj'- of certain strains. 
He reported it as the first character to appear in cultures; it is heat 
stable, resisting 70° to S0° C., it disappears from old cultures and he 
considered it different from tlie true toxin of staphjdococcus. '\han 
Breuseghem used for its study collodion tubes filled with oxalated 
plasma which were immersed in tubes of the same medium. After 
seeding the inner tube he noted complete coagulation in 1 or 2 hours 
followed by a fibrinolysis complete by tlie next day. The uninoculatcd 
exterior plasma is never coagulated, showing coagulase is not dialyzable. 
O.xalated plasma by itself changes at 37° C., due to alkalin changes, 
so tliat it becomes non-coagulable. by calcium, but at first it is still 
coagulated by thrombin, but the plasma in the outer tube is protected 
by the dialyzable acid from the staphylococcus growth in the inner 
tube. The plasma tlius altered in coagulability is, when seeded with 
staphylococci, coagulated but not fibrinolyzed. Gengou has studied 
this phenomenon particularlj" and has determined that it does not 
need tlie presence of the constituents of thrombin. He gave evidence 
that the responsible substance for coagulation and fibrinolysis of 
oxalated plasma is a fibrinolytic agent secreted by the bacteria even in 
media free from fibrinogen such as broth; that it acts on pure fibrinogen 
but the stage of clotting is very short; and that in the plasma the 
prolongation of the clotting stage is due to the marked antilytic action 
of albumin and the lesser action of globulin. Finding the agent to be 
completely or largely retained by filters, he made use of its resistance 
to heat to obtain bacteria-frec preparations after nearly all the cocci 
had been previously removed by centrifuging. The agent is resistant 
to age and desiccation, is heat stable (G0° C. for 30 minutes), does not 
dialyze and is practically retained by filters. Gross- showed that only 
staphylococci among pathogenic germs ha^'e tliis power, and it is so 
markedly characteristic of Staphylococcus aureus that it serves as a 
useful test for dividing the pathogenic from the non-pathogenic strains. 
Chapman ct al. found coagulase of great value along witli hemolysin 
and color development for the same purpose. Gross found it to be 
highly resistant to heat — 1 hour at 90° C. and in a few even at 100° C. 
only weakening it. He obtained clotting by injecting it into the veins 
of animals and suggests the importance in human thrombosis of this 
germ-free product of these bacteria. He noted that the clotting times 
of the citrated bloods of difi'erent animals varied widely, rabbit blood 
taking 1 to 2 hours, while other animal bloods take as long as 24 hours. 
The variation in human blood of from 1 to 2 hours to no clotting at all 
suggested an antibody which he thought might play a role in preventing 
thrombosis. The presence of this antibody in sera with a high anti- 
toxic content and its development in rabbits after prolonged treatment 
with filtrates containing coagulase supported his contention. Sudhues 
and Schimrigh searched for the presence of an antistaphylocoagulase 
in the plasmas of normal persons and in those with staphylococcus 
infection of many grades of severity as well as in the plasmas of experi- 
mentally infected animals. They were unable to find any deviation 
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from the average of the normal clotting time of citrated plasma by the 
staphylococcus in any of these, not even in cases in which antistap'hylo- 
lysin was demonsb-ably present, and suggest tJiat the differences are 
due to some chemicophysical change in the blood and not due to any 
coagulase inhibiting antibody. Dolman® was also unable to demon- 
strate tills in. miro inhibition by antitoxie serum. 

Hemolysin. According to Gross, hemolysin and lenkocidin appear 
later in cultures than coagulase. Hemolj^sin does not act the same on 
the red blood cells of different species. He reported that rabbit blood 
was most sensitive, boidne less, sheep and goat much less and human, 
equinine and guinea pig blood gave no hemolysis. Dolman^ found 
almost tlie same order of susceptibilitjq the hemolytic units for a 
certain toxin being as follows: Rabbit, 8000; sheep, 1600; cow, 200; 
guinea pig, 40; human, 20; cat, 10; horse, 10. It has been generally 
agreed tliat the rabbit is the most sensitive animal for tlie study of all 
tliese toxic substances, and tests against rabbit red cells are useful for 
titrating the toxic preparations (Gross® and many others). It is, of 
course, clear tliat tlie effects of toxins of staph^dococci in humans 
cannot be interpreted, directly, as due to hemolysin when tlie toxins 
have such low titers against human erytluocytes. Sheep cells, as 
Dolman says, may be hemolyzed by a toxin which gives no necrosis 
in the rabbit sldn. It would appear from these and many similar 
reported findings that only in tlie rabbit can correlated results from 
the different properties of these filtrates be relied upon. Although tlie 
majority of workers believe hemolysin is but one manifestation of a 
common toxin all do not agree. Gross found hemolysin and leukocidin 
appeared at the same time in cultures. Panton and Valentine, in a 
study of 22 strains, concluded tliat hemolysin and tlie letlial and 
necrotic action vary closely together but i\ith no relation to the leuko- 
cidin. The strains from acute severe infeetions usually develop strong 
leukocidin and weak hemolysin and just tlie reverse occurs in strains 
from long-standing sycotic types of infection. In an annotation in 
the Lancet (2, 261, 1934), covering a criticism of Dolman’s® reports on 
the results of serum treatment, it is pointed out tliat an antiserum 
should be’ tested for its power to neutralize leukocidin, for tlie above 
reasons. Weld and Guntlier, on the other hand, being able to absorb 
of the hemolysin and leukocidin of tlieir filtrate on red cells or to 
completely remove leukocidin by leukocytes, leaving the necrotoxin 
undiminished, concluded the two were different. Burnet and Freeman 
state that all the work of their laboratories since 1928 leads to tlie \dew 
that all the manifestations of tlie toxin produced from tlieir standard 
toxicogenic strain (white staphylococcus variant 86) on the cells and 
tissues of rabbits are due to a single toxin. Tliey suggest tliat the 
prewous workers may have had a toxin witli an altered toxophore 
group, like a preparation of a slowly formaldehyde detoxicated “inter- 
mediate” toxin of theirs, Avitli antigenic identity but similar differences 
in the hemolytic and necrotic tests. Burky^ reported that the invasive, 
■virulent and patliogenic properties are independent of -hemolytic and 
pigment-producing properties and showed that under anaerobic condi- 
tions pigment and hemolysin are practically zero witliout any impair- 
ment of the letlial effect, and in a syntlietic medium the production of 
hemolysin is inhibited witli no corresponding loss in the letlial factor. 
Furtlier, liis strain (Ha) at first produced moderate amounts of hemolysin 
and lethal factor, but on later subcultures the hemolysin was lost and 
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the letlial factor increased and he even suggests that hemolytic activity 
inhibits the action of the lethal factor. The hemolysin he found to be 
unstable, while the lethal factor maintains its toxicity for as long as 
1 year without refrigeration. Nelis ct al. state that the rule, the more 
lysin tire more toxin, is not strictly true. He showed that liis medium 
inhibits the action of hemolysin in the more concentrated doses oi the 
filtrate but the hemolysin is attached to the red cells which lyse imme- 
diately on removal from the medium. From such evidence as tlie above 
it is clear that titration for the hemolysin content of a filtrate may not 
be correlated with other properties. Chapman ct al. include hemolytic 
tests, using rabbit blood agar, as a valuable measure for the identifica- 
tion of pathogenic staphylococci, but they emphasize that coa^lase 
and pigment production also must be determined to make possible a 
high degree of precision. Antihemolysin is vddely used as an index of 
antitoxic content of artificially and naturally produced antiserums 
(Gross,^ and Connor and McKieO. Certainly with many of the strains 
of staphylococcus used for inducing immunity in man and animals it 
serves as a valuable procedure; but realizing the relatively inert action 
of the hemolysins produced in vitro for human red cells, one wonders 
whether the artificial antibody content so determined actually indicates 
a real immunity in the treated human being. Dolman® considers the 
antihemolytic power of antiserum for human therapy as probably of 
secondary importance from the clinical standpoint. 

Leukocidin. This product of staphylococcus growth has been 
incidentally discussed above, but because the purulent character of 
staphylococcal infections provides a sharp differentiation from many 
other infections by known toxin producers, such as in diphtlieria and 
tetanus, it should be considered of prime importance in the study 
of staphylococcus infections. Most investigators have stressed its 
significance but, largely for technical reasons, it has not recently 
been systematically studied although such a study is full of promise. 
Menkin® thought a leukocidin-like substance might be responsible 
for the irritating effect determining localization by fibrin deposition 
in the l 5 miphatics, although the Reviewer would suggest the prob- 
ability that the factor is more of tire nature of staphylocoagulase, 
although the latter is heat stable. Panton and Valentine consider 
leukocidin as different from both hemolysin and the necrotoxin. 
The fact that antitoxic immunity rarely protects against tlie living 
bacteria in experimental animals and from the evidence of high anti- 
toxin content in infected patients (antihemolysin), presumably also 
in man, this opens up the problem of a more basic explanation for the 
purulent character of these infections. Although phagocytosis is almost 
universally accepted as the chief fundamental defense against these 
cocci, the idea has been advanced that the proteolytic action of an 
excess number of leukocytes may be a contributory or even a prime 
factor in the development of the purulent lesions. There is a possi- 
bility that materials from the leukocytes may be absorbed by the 
peripheral _ nerves and interfere with tlie normal reflex control of the 
infected tissue. _ Benians discusses the problem of pus in infection. 
If a patient survives the first few days of a pyemia, he emphasizes, the 
outlook is related to the condition of pus formation rather than to the 
actual toxic virulence of the infecting agent. He quotes Wright as 
saying that normal blood contains phagocytes “far in excess of any 
conceivable requirements.” In a series of 4 cases of severe osteomyeli- 
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tis he gave benzol by mouth to reduce the leukocytosis with good 
results and based this treatment on the folloAving: Patients quite often 
die from the ^dolence of their reactions rather than from the virulence 
of the infections; it seemed as logical to attempt to check hyperleuko- 
cytosis as to check hyperpjTCxia; leukocytosis increases as immunity 
develops, and with the neutralization of tlie toxins the pj^ogenic capacity 
of an infecting organism is apt to increase; leukopenia is the result of 
toxin alone; and he believed leukocytosis and localization of pus is 
an index rather than a necessary adjunct of immunity. He hopes tliat 
a more direct method may be discovered for this purpose. The Fs 
type of Staphylococcus aureus described by Burky,^ with low toxicity 
and marked pyogenic characters, supports Benians’ hjqjothesis as does 
also Gross,'* who found his less toxic strains were derived from osteo- 
myelitis cases. Schattenberg and Harris studied the effect upon ani- 
mal leukocytes of a Staphylococcus aureus culture from a case of 
“agranulocytic angina.” Suspensions injected into the subcutaneous 
tissue, the peritoneum, the peritonsillar structures, on and in the 
scarified tracheal mucosa and into subcutaneous agar, caused neutro- 
philic leukocytosis or no cell reduction. Filtrates acted similarly. 
However, the exudate following intraperitoneal injections of guinea 
pigs, when filtered and injected intracardially and intraperitoneally 
into animals, produced a granulocjdopenia. Pike described a phago- 
cytic depressing effect of filtrates of staphylococci quite independent 
of their hemolysin or toxic characters. The depression effect is not 
antigenic, is thermostable, does not deteriorate on standing (4 weeks), 
is unaffected by an atmosphere of CO 2 and, a similar substance being 
formed by Escherichia coli, it is not specific for staphylococcus. He 
concluded from this and the early report of Van de Velde, in 1894, that 
leukocidin is not the cause of virulence. 

Necrotoxin. The presence of tin's substance in a filtrate is discovered 
by its power to produce necrosis in tlie skin of rabbits. Gross found 
it appeared only in older cultures (later than hemolysin and leukocidin) 
along with the lethal toxin and showed it can be preserved in the dry 
state. In its lability to heat it resembles hemolysin. The test for 
necrotoxin is not easy to standardize. Dolman*’ used as the criterion 
an edematous white or yellow patch on the second or tim'd daj'^ witli 
a rim of erytliema, but if a scab or necrosis is demanded then the titer 
is much lower. Nelis et al. required a scar. Gross^ divided his strains 
into three groups by the tjq)e of reaction as giHng (1) necrosis, (2) red 
infiltration and (3) negative reactions. Bmky^ particularly showed 
how important the breed of rabbit was for the type of skin reaction 
and described similar kinds of reactions witli his three types of organ- , 
isms and indicated that the sensitivity to the barium sulphid depilatory 
foretold what the reaction would be to filtrates. Another source of 
confusion is the marked differences in tlie “normal” antitoxin in 
rabbits and this should always be tested as antinecrotic rather than 
antihemolytic (which is rarely done) before the animal is used for the 
test. Bmky^ further showed that age was of great significance in that 
young rabbits under 4 months were non-reactive to the cutaneous 
injection nor can they be killed even by large intravenous injection. 
This is not due to an immunity but suggests to him tliat the reaction 
is of an allergic type. Kobak and Pilot had preHously noted the 
same phenomenon in humans, using vaccines and filtrates, finding that 
newborn babies failed to react when the motliers did and that this 
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reactivity gradually developed wth age. Dolman^ found older guinea 
pigs were relatively more susceptible to the letlial effects of filtrates 
tban were younger ones. Connor and IMcKie^ suggest that the anti- 
toxin effects after toxoid treatment may be due to desensitization. 
Panton, Valentine and Dix induced immunity by intradermal injection 
of staphylococci and found antibodies present in his animals in that 
a smaller lesion followed an injection, .but there was also an increased 
sensitivity in that lesions were produced with a much smaller dose. 
They consider tliis latter phenomenon as a factor in the relapsing 
infections as they occur in man. They tested toxin iiitradermally in 
humans and obtained strong reactions in those with a history of recent 
infections and in those with small lesions (boils and sycosis) but severe 
cases usually gave negative reactions. They also compared this to 
the allergic phenomena in tuberculosis. Julianelle and Wieghard 
obtained from staphylococci two type-specific carbohydrates; Type A 
from virulent pyogenic strains, the other. Type B, from non-pathogenic 
strains. Two convalescent patients gave skin reactions to 0.1 cc. of a 
1 to 50,000 dilution of Type A carbohydrate but not to Type B. 

Lethal Toxin. The lethal effects of filtrates are the most dramatic 
of all toxic manifestations. Witli strong toxins there is practically no 
incubation period after intravenous injections and death is very rapid. 
This toxin is, therefore, different f^om the other commonly studied 
toxins such as diphtheria and tetanus and does not seem to be primarily 
a neurotoxin, altliough many include parts of the nervous system as 
affected in its general toxic action. The macroscopic lesions may be 
few, but if deatli is delayed for a few hours a serous pericarditis is noted 
(Nelis ct al.) or sometimes a peritoneal exudate or hemorrhages in medi- 
astinum, kidney and other organs. The microseopic study indicates a 
profound destruction of red blood cells in the veins, a lysis of the proto- 
plasm of liver cells and other similar but less regular changes in other 
parts. These workers believe that death in acute cases is due to cardiac 
deficiency of sinus origin and in delayed death to functional deficiency 
in many organs as the liver, kidney and lungs. Antitoxin inhibits 
these effects. Burky^ found tliat one type of coccus (strain Ha) kills in 
this general way, the other (Fs) kills after producing multiple abscesses. 
There is scarcely space to consider in further detail this lethal poison, 
but it should be emphasized^ that by analogy similar pure toxic deaths 
are eonsidered as possible in man. If they do occur, it is only on very 
rare oceasions and the human problem is mueh more often a pyogenic 
one. Practically all investigators have reported that there is no cor- 
relation between the degree of toxin production in vitro and the 
severity of the infection induced in the human by a given strain. 

Antitoxin. It is rational to use antitoxin for cases in which the 
immunology is quite clear and, indeed, antitoxin is being rather widely 
tested. In animals, although clean-cut results have been obtained in 
to.xin-antitoxin experiments, there is a great deal yet to be learned 
about its mode of action and the effects of it in humans. Medical 
history is filled Mth laboratory experiments whieh have not fulfilled 
expectations in the clinic. The protection against injections of liHng 
virulent cocci is difficult to obtain. Connor and McKie- were only 
succp5sful in immunizing 3 of If rabbits against injections of living 
cocci by the use of living suijcutaneous vaccines followed by toxoid. 
Parish, 0 Meara and Clark have been successful in immunizing rabbits 
with toxoid against intracutaneous and very occasionally against many 
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lethal doses of virulent cocci intravenously, but passive immunity 
against Aurulent cultures usuall 3 ’- onl 5 ’’ delayed deatli. Burkj'- found 
tvo types of immunity according to the kind of rabbit used: one is an 
antitoxic immunity, ratlier permanent, in rabbits not readilj’- grooving 
hair after depilation and produced bj’- his toxic strain (Ha) ; the otlier 
is a kind of desensitization immunity bj*- all filtrates and is onty tem- 
porary. Winzeler gave lityng wulent cultures to guinea pigs by 
dropping in tlie tlrroat from a sjTinge, vrith starvation before and after, 
and succeeded after 3 to 4 -weeks in protecting 17 of 25 against three 
times the fatal subcutaneous dose. 

The results of tire use of antitoxin in the human is difficult to evaluate ■ 
because of the lack of reliable statistics and the verj’^ wide variation in 
the reaction of human beings at different ages and under different 
conditions to staphylococcus infections. Patients witlr apparentlj’- the 
most severe kind of infections often recover, so tliat it is vase to be ultra- 
cautious in interpreting results. As an example, the report b^"^ Nesbit 
of 48 cases of acute staphjdococcal infections of tlie kidney’- apparently 
of hematogenous origin can bear careful consideration. These patients 
have a stormj’- fii-st week followed by a gradual improvement, so that 
a normal temperature and no pain is tlie rule b^' the fourteenth dej' and 
vdthout surgical interference. Uncomplicated cases end in complete 
recoverj’’ and none become chronic. He had only 4 (8.3%) -with peri- 
nepliric abscess requiring operation. Even primary staphylococcic pneu- 
monia is not alwa.ys as fatal as is generally supposed. Reimann lost 
onl}' 2 of 6 such cases. The blood cultures remained negatiye in all. 
Panton, Valentine and Di.x, in discussing tlie difficulties in assessing 
results after antitoxin treatment, saj^ that in tlie ordinary’' case of acute 
osteomj’^elitis before exposing the bone blood cultures are positive 
in about 90% but tliat this is not prognosticallj’" bad. PjTah and 
Pain had a mortalit.y rate of 27.1% among 262 consecutive cases of 
osteomj^elitis in which operations were done. Gross considered anti- 
toxic serum should only be used for cases with septicotoxic sj^ptoms, 
for severe cases of osteomj^elitis, carbuncles on face and neck and those 
where toxin absorption is definitely present. In 1934,^ he discussed tlie 
bases for serum therap.y in osteomj’^elitis, indicating tliat the defenses 
here are phagocytic leukocytes and antitoxin. The serum from such 
cases should be tested for antihemolj'tic, antinecrotic and antilethal 
action. He recommends the use of serum from osteomj^elitis convales- 
cents with high antitoxin content and if the serum of horses is to be 
used the strains of Group II staphylococci, lUth lessened hemolj^ic and 
lessened necrotoxic characters should be used for immunizing. Panton, 
Valentine and Dix treated 13 cases, carefully chosen for tlieir severity, 
with antiserum containing antileukocidin given intramuscularlj’- in all 
but 1. The results in 5 cases witli severe carbuncles were indefinite, 
tlie first 2 were benefited, tlie last 3 not, but 1 of tliese was truty hope- 
less. All 5 cases of septicemia and pj’emia recovered, a striking result 
being obtained in 1 case of osteomj'elitis; but there never was a dramatic 
fall in temperature and pulse rate. Three fulminating cases died. 
Thej' believed tlie serum therapj' prevented death in some and shortened 
the course in all. The most extensive use of antitoxic serum is given 
in a paper bj’’ Dolman^ in wliich he reported 104 cases so treated. The 
intravenous route was used in most of the cases “and usually occasioned 
a severe reaction” with “rigors,” sometimes almost "delirium and then 
circulatory collapse and hj-perthermia,” Burky,® in liis studj’- on rab- 
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bits treated with immune serums, says “certain serums, supposedly 
immune and with high precipitin titers, seem to increase tlie lethal 
action of the toxin.” Dolman, because “a number who eventually 
(Jied . . . lived several days longer than was at first anticipated 

and because “a few hours after— some— showed a remarkable improve- 
ment,” did not seem to be impressed by the probable danger of such 
reactions on the kidney, heart or other organs. His general results 
show that 62.5% recovered. All 'but 2 of these patients were treated 
in hospital. If we leave out the 24 cutaneous and subcutaneous cases, 
none of whom died, tlie recovery rate is 51.25%. , The group of 32 
cases of staphylococcemia in children secondary to osteomyelitis, which 
he particularly stresses, showed a recovery rate of nearly 69%, and 
the balance of 48 cases showed nearly 39.6% recovery. Accepting 
that children are somewhat less sensitive to staphylococcus infection, 
that bacteriemia in osteomyelitis cases (see above) may not be pro’g- 
nostically bad, and that in the series of osteomyelitis cases reported 
by Pyrah and Pain the recovery rate was 72.9%, it would appear that 
the use of antitoxin serum in tlie general run of infections is scarcely 
encouraging. In the group with staphylococcemia, leaving out those 
secondary Ao osteomyelitis in children, the recovery rate is about 22%. 
An annotation on tlie above report {Lancet, 2, 26, 1934) says that “the 
striking difference between the mortality in these 'negative (blood) 
culture’ cases (4 deaths among 40) and in the 'positive’ (35 among 64) 
shows that staphylococcal antitoxin cannot be expected to work miracles 
in face of an established septiciemia ndth multiple metastatic abscesses.” 
The difficulty in forming a definite estimate of the effect of antitoxin 
in such pyogenic infections is pointed out and “since no satisfactory 
controls can be provided, one has to rely mainly on clinical evidence 
of improvement” which accompanied by an increase in tlie antitoxin 
content of the patient’s serum occurred in this series and indicated 
“ that antitoxin is of real value.” It is clear how extremely hard it is 
to draw conclusions in this matter. Even in such highly fatal infec- 
tions as those of the brain and meninges, in which 4 of 6 cases recovered, 
each case must be considered on its merits. One of the recovered 
cases of meningitis had received active bacteriophage with no immediate 
results, but since at least 3 cures of meningitis have been attributed to 
bacteriophage (for reference see Eaton and Bayne-Jones), and tliat 
other immunologic effects besides direct lysis have been suggested in 
bacteriophage therapy, its bearing on this case cannot be summarib^ 
dismissed. The second case of meningitis seems to have been definitely 
benefited and recovered following intracisternal and intramuscular in- 
jections. The third case died. Of tlie 3 cases of brain abscess, 1 had 
been treated wth toxoid previously and at and after operation with 
antitoxin and would undoubtedly have recovered but for tlie erysipelas 
and the resulting streptococcus meningitis; the other 2 cases recovered 
after drainage, the antitoxin being used to prevent meningeal immlve- 
ment. Two other fatal cases secondary to staphylococcemia are also 
recorded under another heading. Antitoxin has certainly not fulfilled 
our expectations. 

Toxoid, The fact that toxoid preparations could readily be made 
from staphylococcus toxdns has helped greatly in the study of the 
subject. ^ However, we need not review the details of its production 
and use in obtaining antitoxin in animals. It is generally agreed that 
the fundamental antigenic characteristics distinguishing the crude or 
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purified toxins are more or less retained after formaldehyde treatment. 
Its use for inducing antitoxin in man is receiving much attention. From 
what has been said, the limitations of pure antitoxic immunity for tlie 
complicated problems of tliese pyogenic bacteria witli their multiple 
biologic qualities will, we hope, have been made evident. It seems a 
perfectl^’^ logical procedure to build up antitoxin as a defense meclian- 
ism if it is reasonably certain that no abnormal or harmful sensitization 
will later result. The use of vaccines wth killed cocci has had a long 
and variable history of great successes and as many failures. The 
problem should bfe restudied with the newer knowledge available and 
careful comparative and combined results tlroroughly analyzed. Barber 
and Forman tested vaccines intradermally in sjmoses, the most difficult 
of all infections to cure. He obtained 9 complete cures after prolonged 
treatment with graded increasing doses, 3 almost complete and 1 vdtli 
the sycosis cured but a blepharitis remaining. These cures were more 
permanent than by other methods. Connor and McKie^ treated IS 
cases of sycoses — because of the comparative rarity of spontaneous or 
any cure — with toxoid, vdtli cure in 10 and in 4 ^th a few pustules 
still appearing each week in spite of the presence of a high antitoxin 
in the blood. Nineteen other superficial infections gave equally good 
results. Dolman- successfully treated udth a pooled toxoid 28 patients 
with intractable staphylococcus infections (16 witli severe boils, 6 with 
pustular acne, 1 case each with acute bullous impetigo, recurrent 
eczema, severe pustular dermatitis, extensive cellulitis after laparotomy 
and 2 of sinusitis). Antitoxin (antiheraolysin?) developed -in all and 
the doses varied from 2 to 20. He concludes that " cases of recurrent 
and persistent boils, in my experience, invariably respond to toxoid 
ti’eatment.” 

Kindel and Costello tested a commercial toxoid made from a potent 
necrotizing to.xin on 42 cases (acne vulgaris, 28; furunculosis, 6; sycosis 
vulgaris, 8). The acne cases, because due to a combined infection, are 
not as useful for the purpose as are pure infections. Of the 8 cases of 
sycosis, 4 were unimproved by the treatment and 4 were worse; of the 
6 cases of furunculosis, 3 were improved and 3 were worse. This 
report, wlrich cautioned against becoming overenthusiastic about the 
method, resulted in a letter of protest from Dolman,^ who rightly 
emphasized certain important features of the toxoid he had used. 
Cornbleet and Rattner supported the wews of Kindel and Costello, 
hawng had unsatisfactory results with sycosis barbre and good results 
in only 2 of 4 cases of furunculosis, in 1 of which a relapse followed, 
while 1 man developed a huge carbuncle on tlie tlrigh after an “ade- 
quate” number of injections of toxoid in the arm. Sharlet suggests 
that Dolman had not appreciated the toxoid situation in the United 
States, where the products from manufacturers of biologies are often 
tested and endorsed under relatively unfavorable conditions. Parish, 
O’Meara and Clark treated patients with superficial boils and pustular 
acne with toxoid and say that “a few have ascribed the rapid dis- 
appearance of their l)oils to the injections of toxoid,” and all showed an 
increase in antitoxin titer. Gilchrist and Wilson being impressed with 
the high incidence in their diabetic patients of staphylococcic infections 
in tlie ujiper respiratory tract, and beliewng tliat the staphyloeoccus 
toxin inereases the metabolic rate and is, therefore, detrimental to 
tlie patient, used toxoid witli most satisfactory results. The dose of 
insulin could be reduced and the improvement continued in spite of 
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adverse Aveatlier conditions. It may be of interest tliat Danljolt, in 
studying the epidemiology of furunculosis, concluded that the frequent 
finding of similar types of cocci in the nose and in the furuncles indicated 
that this nasal infection fniglit play a role. Neither bacteriophage nor 
vaccines had any effect on the nasal staphylococci. 

Bacteriophage. The belief that bacteriophage was of marked value 
in the treatment of staphylococcus infections was shaken when it was 
sho\TO tliat blood and tissue fluids inhibited the action of phage. 
Mutsaars, in 1931, showed that the bacteriophage becomes fixed on 
staphylococci living or dead and that normal serum prevents this 
fixation but does not destroy ‘the phage even after a month’s contact. 
He did not find tliat serum inliibited the action of phage on Staphylo- 
coccus albus nor did it affect tlie absorption. He compares this result 
\i4th the coagulase action of Staphylococcus aureus and its absence in 
Staphylococcus albus. d’Herelle and Rakieten claimed tliat hemo- 
Ij'-tic staphylococci (tested on rabbit, guinea pig or human blood agaz’) 
are particularly susceptible to bacteriophagy and resistant strains are 
generally of the non-liemolytic type. This has not been the opinion 
of many and susceptibility does not seem to follow any rule. Every 
staphylococcus, whatever its other characteristics, must be tested to 
determine its susceptibilit 3 ^ McKinley calls attention to the fact 
that at least 39 hemolytic strains have been studied which are resistant 
to bacteriophagy. Jern, Howes and Meleney found only S among 
their 110 freshly isolated strains were resistant to bacteriophage. They 
demonstrated that phage instilled into the cutaneous lesions did not 
increase, but persisted there for a day or more and only gradually 
became weakened. Although the disappearance of cocci was negligible, 
there seemed some correlation between this persistence and the appar- 
ently marked benefit from the treatment; but there was no correlation 
betu^een persistence of phage and the presence of so-called “antiphage” 
in the patients’ serum. The changes noted in the cocci after phage 
treatment were towards loss of virulence which occurred frequently in 
the test tube but less often in the lesions. Wollman and Wollman 
studied the secondary lysis of dead staphylococci in the presence of phage 
and showed that in sealed tubes this occui’S only when living susceptible 
staphylococci are added with the phage, the same phenomenon occurring 
when resistant living strains of the same type are used in place of the 
dead cocci. This lysis is not transmissible. There are certain products 
(diastases ?) set free in the bacteriophagic process which accounts for 
the action. They suggest this as a method for obtaining lysates of refrac- 
tory staphylococci. Whether such an occurrence can take place in vivo is 
not discussed. Rakieten reported on this same subject. He found 
that the lysis of a resistant strain occm-s under the action of the bac- 
.teriophage lysin when it is in contact with the regenerating phage. 
He refers to bacteriophages which are not inhibited in whole blood or 
pure serum, also to strains of non-hemolytic staphylococci which 
absorb large quantities of some polyvalent bacteriophages and destroy 
others. The real reason for the inhibiting action of body fluids under 
mtificial conditions he considers as yet unknown. Burky^ studied the 
inhibiting action of animal sera and purulent exudates wliich he con- 
&med. His type strain of toxic staphylococcus Ha is very resistant to 
bacteriophage, while strain Fs, a pyogenic type, is sensitive. Immune 
serum does not inhibit the action of bacteriophage on the Ps type, 
and this suggested that antitoxin might enhance the effectiveness of 
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bacteriophage in infections produced by tiiis Fs type (osteomyelitis 
and other purulent lesions) Avhich in itself produces no toxin and hence 
no antitoxin can be formed in the patient. He believes the failure of 
bacteriophage in the tissues is due to the' increased resistance of the 
Ha type. Larkum discussed tlie suggestion of d’Herelle, that bacterio- 
phage was an antitoxin. Toxin and antitoxin are now well known and 
he has studied how they are related to bacteriophage. Bacteriophage 
is not hemolytic for rabbits’ red cells; it did not inliibit the hemolytic 
action of toxin but, injected purified or unpurified into rabbits, it pro- 
duced sera which were antihemolj^tic and antinecrotic. He, therefore, 
concluded that bacteriophage is neither toxin nor antitoxin but is 
apparently of the nature of a toxoid. The importance of these findings 
in the therapeutic use of staphylococcus is emphasized in another 
article. Schultz and Gebhardt, ha\dng been successful in curing a 
series of horses suffering from boils as well as getting benefit in a variety 
of infections in man by the use of bacteriophage lysates, consider that 
these are more potent antigens than are ^'■accines. MacNeal et al. 
bring experimental evidence that the mechanism of bacteriophage 
action in experimental staphylococcus baeteriemia is the stimulation of 
endothelial phagocytosis, the restraint of growth of those cocci which 
have lodged in the internal organs and a favoring action on intracellular 
digestion. The therapeutic applications of bacteriophage in general 
have been fully reviewed by Eaton and Bayne-Jones, in which staphylo- 
coccus bacteriophage is carefully considered. They eitiphasize the 
frequent lack of critical analyses by the advocates of this tlierapy, 
but conclude that “ staphylococcus infections in general appear to have 
responded the best to bacteriophage therapy.” Bacteriophage cannot 
therefore be dropped from the list of tilings to be studied in any real 
approach to the solution of the problems of staphylococcus Infection. 

Food Poisoning, A word may be added about a few of tlie more 
recent developments in the problems of staphylococcus food poisoning. 
Only certain species of monkeys, and man irregularly, have been found 
to be sensitive to the ingestion of the toxic substance. Borthmck, 
however, has been able to bring about death in the guinea pig and 
the rabbit, in from 2 minutes to 5 days, by putting the toxin from toxi- 
cogenic strains of Staphylococcus aureus (from a carbuncle and also 
Burnet’s strain) into their stomachs after the acid contents had been 
reduced to a pH value near to 7.3. This observation, if confirmed, may 
lead to a better explanation of these outbreaks. Dolman® was unable 
to obtain any effects when various filtrates containing potent exotoxin 
were consumed in milk or water by 42 volunteers on 110 occasions 
and at various times before and after meals. A filtrate, however, from 
a strain of tlie food poisoning type received from Jordan caused severe 
gastro-intestinal disturbances in 3, and to a lesser degree in 4 of 9 volun- 
teers, and in 1 person after the exotoxin had been fully neutralized with 
antitoxin. This strain, originally isolated from an abscess in a human, 
gave white colonies (later becoming pale cream colored) and hemolysis 
on sheep blood agar. It produced no exotoxin wdien grown in brotli 
in air after 60 hours nor had it any effect on 5 volunteers who drank it. 
However, when grown in 0.3% agar in CO 2 it jdelded a filtrate giving 
reactions for both toxic factors, killing a rabbit and producing sjunp- 
toms in man as recorded. He believed the substance responsible is 
distinct from the exotoxin, is only produced by an occasional strain 
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under ^’e^y special conditions and tliat the actual incidence of staphylo- 
coccic food poisoning is, therefore, not likely to be high. Crabtree 
and Litterer report a series of severe outbreaks of milk poisoning, 
Avith 242 cases among 97 people at a farm school in a period of 50 days. 
The responsible organism (Staphylococcus aureus) Avas traced to 2 
coAvs from a herd of 13. It aa'ouW appear frorh tlieir study Aat the 
staphylococcus had opportunities to groAV in the milk stored in large 
cream cans and under these conditions had produced the poisonous 
substance, but AA^hether tlrese conditions simulated those postulated 
as necessary by Dolman is not altogether clear. A more complete 
study of the toxin of these particular strains AA'ill be aAAmted Avith 
interest. 

The progress during tlie last feAV years has greatly increased tlie 
knoAvledge of tlie mode of infection and Avide potential poAvers of the 
staphylococci and there is a hope that more scientific methods of 
treatment and preA^ention may develop if all the various aspects of tlie 
problem can be properly correlated and effectively evaluated. It is a 
difficult subject AAdtli many aspects not touched upon in this revieAA", 
such as the influence of diets, trauma, the age incidence and the thera- 
peutic effect of local rest. Such a discussion as Hallam has given on 
recurrent boils, in AAdiich toxin is not mentioned and A’-accines are per- 
haps underestimated, merits reading. He emphasizes tliat more fatalities 
come from furunculosis than from any other skin disease. 

W. L. Hoiaian. 
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EPIDEMIC ENCEPHALITIS. 

With Special eeference to the St. Loins Ohtbreab; of 1933, 

The occurrence of the first important outbreak of epidemic enceph- 
alitis in the United States in St. Louis, Mo., during tlie summer of 
1933, has aroused interest in tlie study of tliis disease or group of diseases, 
depending on wliether one considers tlie various clinical entities as 
due to one or more tlian one etiologic agent. 
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Practicallj^ all workers in this field are in general agreement that a 
virus is tlie cause of the various clinical conditions encountered. Appar- 
ently the only exception is Rosenow, of the Mayo Foundation, who 
found streptococcus in a goodly proportion of the St. Louis cases, 
having isolated the organism either from the blood stream or from the 
upper respiratory passages. Weil found cocci in the central nervous 
system of fatal cases but, though suggesting that they should not be 
dismissed lightly, did not express any opinion as to their significance. 

Three types are generallj’- recognized, based on clinical, pathologic 
and epidemiologic grounds : (1) Lethargic encephalitis of von Economo, 
sometimes spoken of as tlie “winter” type, or Type A. As one of the 
synonyms indicates, tlie onset appears to be more frequent in the 
vlnter tlian in the hot months of the year. (2) The postinfectious 
tjqie sometimes seen after measles, whooping cough and other infec- 
tious diseases, but chiefly studied in recent years as a sequel to. vaccinia. 
(3) The epidemic type, which is regarded as the type tliat prevailed 
in St. Louis. This tjqie has prevailed in Japan since approximately 
1871. It is usually designated as the B, or Japanese, type. Neal, 
after studjung the St. Louis outbreak, considered it probable that 
these various types are manifestations of the infection by one virus. 
Neal later expresses the view that more than one virus is concerned 
in the causation of acute epidemic encephalitis. Her classification 
would make two types from the clinical-pathologic point of view: 

■ (a) Meningoencephalitic type, and -(b) encephalomyelitic type. 

To illustrate the difficulty in classifying these central nervous system 
manifestations of various diseases it may be noted that Neal regards 
the Australian outbreak of 1917-18, usually designated as “X” disease, 
as probably epidemic encephalitis, while Flexner, on the basis of patho- 
logic findings, regards it as more suggestive of poliomyelitis. Possibly, 
as Neal suggests, both encephalitis and poliomyelitis were present in 
the outbreak of “ X ” disease. The clinical symptoms did not fit either 
in a satisfactory manner. 

Rivers is unwilling to express any final opinion on the identity or 
non-identity of the virus in tlie different epidemics. He calls attention 
to the fact that the same neurotropic virus may give very different 
clinical picture^ and refers to a comparatively recent outbreak of rabies 
in the Island of Trinidad where the clinical picture was that of Landry’s 
paralysis. 

Leake, of the Public Health Service, who perhaps devoted more study 
to the St. Louis epidemic than any other one person, is disposed to 
regard tlie virus then prevailing as separate from the one which prob- 
ably gives rise to the other types of encephalitis. 

Webster and Fite, on the basis of serum neutralization tests, indicate 
that the Japanese B %4rus is different from the St. Louis virus. 

Wooley and Armstrong, from their serum-virus neutralization tests, 
are disposed to consider the St. Louis virus as an entity different from 
the virus causing the other types of encephalitis, and practically proved 
it to be different from the virus of the A type, tlie idrus of postinfectious 
encephalitis and the virus of poliomyelitis. 

Brodie found the serums from cases of chronic encephalitis showing 
Parkinson syndrome (presumably endemic encephalitis of the von 
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Economo or A type) devoid of virus neutralizing antibodies for the 
St. Louis strain. 

If anything were needed to complicate the picture of confusion, it 
is to be found in the fact that Armstrong and Lillie have isolated from 
one of the St. Louis cases a virus which, in its beha^dor in animals and 
production of pathologic appearances, differs from the other viruses 
isolated in the same outbreak. 

Finally, Weil, on the basis of vonEconomo’s studies and his own 
experience (the latter in the field of pathologj'), feels tliat neither 
clinician nor epidemiologist is in position to decide as to the identity 
or non-identity of the St. Louis epidemic noth other epidemics. Several 
workers have succeeded in establishing and maintaining strains of the 
St. Louis virus in monkeys and mice; other laboratory animals appear 
to be insusceptible. 

The clinical features are important in establislring the type of the 
infection prevailing. The incubation period may be anjnvhere from a 
minimum of 4 days to a maximum of 21 days, usually being from 9 to 
14 days. The characteristic symptoms as manifested in the St. Louis 
outbreak were sudden onset, high fever (104° to 105° F.), headache, 
stiff neck, nausea, disorientation, tremors, abolition of abdominal re- 
flexes. Drowsiness was common, but coma was rare. The leukocyte 
count was either low, normal or elevated. The spinal fluid was found 
to be clear in the majority of cases under moderate pressm-e and carry- 
ing cells from 100 to 300, lymphocjd;es predominating. In 7% of the- 
cases, however, the spinal fluids presented no cellular abnormality. 
The first spinal fluid may be normal while a subsequent one shows 
characteristic changes. Spinal fluid sugar, according to Barr, is well 
above the range seen in tuberculous meningitis. There were few cases, 
or none, with disturbances of the ocular muscles such as are so common 
in the von Economo type of the infection. 

The Parkinson sjmdrome, mental changes and other indications of 
grave disturbance of the central nervous system so common after 
attacks of endemic encephalitis were conspicuous by their absence after 
recovery from the St. Louis tjqie. From the clinical point of view, the 
relative absence of sequelae is perhaps tire most striking difference 
between what we would prefer to call the epidemic tjqje of encephalitis 
and the endemic type (von Economo or A type). 

McFadden, on the other hand, found a few e^idences of residual 
nerve system damage in some patients at the time of discharge from 
the hospital and suggests that time may show serious sequelae. 

The death rate was approximately 20%, but when recovery occurred 
it was prompt. Kinsella and Broun say the average patient was well 
in 10 days, but they also note that minor disabilities were not unusual. 
They agree with other observers, however, that the serious sequelte so 
common after the lethar^c tjqie did not folloiv attacks of the St. Louis 
type of the disease. 

Alost observers note that tliere were mild cases, cases wliich surely 
woidd not have been recognized in the absence of an epidemic. 

Eschenbrenner reports that no special tlierapeutic agent appeared to 
be of value in treatment; even convalescent serum appeared to be of 
little value; Finnigan tliought antistreptococcus serum of value. Neal 
urges tliat hospitals especially designed for encephalitis patients should 
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be provided in the interest of patients, their families and the fuitheiing 

of treatment and research. . 

The epidemiologic features of the outbreak were of special interest. 
There was a total of over 1000 cases reported. The earliest came from 
the suburban areas of St. Louis early in the montli of July, and it was 
not until the end of that month that cases began to be recognized in 
the city proper. Retrospective diagnoses then and later indicated that 
some cases even earlier had been missed. The epidemic had a direct 
seasonal prevalence, being confined to tire hot part of the year. This 
agrees with the experience in Japan where hot, dry seasons are prone 
to be associated with outbreaks of tire disease. An interesting feature 
was the fact that not only did the outbreak appear to begin in the rural 
areas but also the highest incidence was not in the crowded part of 
the city but in the much less densely populated surrounding country. 
Race and sex appeared to offer no significant differences in incidence. 
The older age groups (above 35) show" a higher attack rate than the 
younger. Multiple cases in families w’ere very unusual, indicating that 
the infection is not readily communicable. ’ 

The exact mode of spread remains to be determined. It has been 
customary to say that it w'as similar to the spread of poliomyelitis, but 
this, in reality, is not advancing one's acquaintance with the subject 
very extensively. It is interesting to note that cases originating from 
infection in St. Louis, winch developed tlie disease elsewhere, did not 
result in any material spread of the disease in other communities though 
a few neighboring cities had a modest number of cases; whether or 
not these originated from cases infected in St. Louis could not be 
determined. 

Early in tire epidemic, mosquitoes came under suspicion as possible 
vectors but these, together with food and water, were excluded . Studies 
by Wooley and Armstrong on the distribution of the virus of endemic 
encephalitis in tlie United States indicate that, on the basis of serum- 
virus neutralization tests, the infecting agent appears to be much more 
widely distributed than had been suspected. They found that serum 
of about 95% of recovered cases neutralized virus wdiile serum from 
35.7% of contacts of clinical cases neutralized the virus, and 9.4% of 
normal non-exposed persons yielded serum rvhich gave neutralization. 

Geographically, they found a very w"ide distribution of individuals 
whose serum would neutralize the St. Louis virus. This finding raises 
the question as to why epidemics are so rare when the ^"irus appears 
to be so rvidely distributed. 

With respect to control measures, it is obvious that little can be 
said in view of our lack of knowledge of the means of transmission. 
It was customary in St. Louis to hospitalize patients as far as possible 
for tw"o reasons: (1) To effect isolation, and (2) for better opportunity 
for early diagnosis. This isolation was maintained for 3 weeks from 
onset. Schools w"ere kept open. Bredeck, Commissioner of Health, 
St. Louis, whose opinion is entitled to tlie greatest weight, has tlie 
following to say with respect to the public health aspects of tlie disease; 

"That the measures of early diagnosis, hospitalization and isolation 
w"ere efficient can be measured only by the fact that 95% of tlie reported 
cases w'ere hospitalized. How" successful in checking the disease this 
was is a matter of speculation. There is no actual method that we 



454 


PROGRESS OP MEDICAL SCIENCE 


can ap])ly in determining tlie efficiency of such measures. They are, 
however, those that have Ijeen recognized in tlie handling of all com- 
municable diseases. Our greatest consolation tvas in the fact that we did 
not issue regulations which were not based on sound public health prae- 
tice. Until more fundamental Icnowdedge is forthcoming concerning the 
true etiology, mode of spread, or specific remedies for this disease nothing 
could be ad^'ocated further.” 

G. W. McCoy, M.D. • 


REFERENCES. 

Armstrong, C., and Lillie, R. D.: Pub. Health Rep., 49, 1019, 1934. 
Barr, D. P.: Ann. Int. Med., 8, 37, 1934-1935. 

Bredeck, J. F.: Am. J. Pub. Health, 23, 1135, 1933. 

Brodie, M.: Proc. Soc. Exp. Biol, and Med., 31, 1227, 1933-1934. 
Eschenbrenner, J. AV. : J. Am. Med. Assn., 103, 820, 1934. 

Finnigan, F. R.: Discussion, J. Am. Med. Assn., 103, 829, 1934. 
Hempelmann, T. C.: Am. J. Pub. Health, 23, 1149, 1933. 

Kinsella, R. A., and Broun, G. O.; J. Am. Med. Assn., 103, 402, 1934. 
Leake, J. P.; Am. J. Pub. Health, 23, 1140, 1933. 

McFadden, J. F,; J. Missouri State Med. Assn., 31, 90, 1934. 
Muokenfuss, R. S.: Bull. New York Acad. Med., 10, 444, 1934. 

Neal, J. B.; Am. J. Pub. Health, 23, 1144, 1933. 

Neal, J. B.; J. Am. Med. Assn., 103, 720, 1934. 

Rivers, T. M.; Am. J. Pub. Health, 23, 1153 (Discussion), 1933. 
Rosenow, E. C.; Proc. Soc. Exp. Biol, and Med., 31, 285, 1933-1934. 
AA'ebster, L. T., and Fite, G. L.: Science, 79, 254, 1934. 

AA^eil, A.; Arch. Neurol, and Psychiat., 31, 1139, 19.34. 

AA'ooley, J. G., and Armstrong, C.: Pub. Health Rep., 49, 1495, 1934. 


PHYSIOLOGY 

PROCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 

SESSION OF JANUARY 21, 1935. 


The Excretion of Reducing Materials in the Urine of the Normal 
Dog. Edavin P. Laug (Laboratories of Physiology, UniA^ersity of Ten- 
nessee and UniA^ersity of Pennsylvania). The est’mation of carbo- 
hydrates in bread by in vHro and in vivo (phlorhizin) methods ret^eals 
only their gross availability, witliout distinguishing more subtle modi- 
fications resulting from heat treatment. By using a sensitive method 
for detecting reducing materials in specially prepared urine filtrates, 
the hourly changes in non-fermentable, fermentable and hydrolj^zable 
fractions in the urine of 2 normal dogs Avas studied. Feeding various 
kinds of bread preparations resulted in the folloAving observations: 

1. Crust, in contrast to Avhite inside portions of bread, caused a 
considerable rise in total reducing materials; of this rise, 92% Avas 
accounted for by the increase in the non-fermentable fraction. 

2. After three different kinds of bread, the response in excretion of 
reducing materials Avas loAvest with rye, intermediate AA'itli AA’heat an 
highest AAatli whole-AA'heat bread. 

3. The reducing material rcA-ealed by hydrolysis of urine filtrates 
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was practically 100% fermentable and was not produced at the expense 
of the non-fermentable material present before hydrolysis. After 
whole-wheat feeding, however, the hydrolyzable fraction decreased by 
about 50% and was only 25% fermentable. 

Histamin and Leukocytosis. V. H. Moon (Laboratory of Pathology, 
Jefferson Medical College). The discovery of histamin in the various 
tissues of mammalian animals has led to intensive investigation in 
attempts to discover its physiologic significance. _ It appears that 
histamin performs several functions, some of which are important 
factors in the inflammatory reaction. Apparently tire effect of hista- 
min upon leukocytes in the circulating blood has not been thoroughly 
studied. Perhaps this is due to an early incidental observation to the 
effect tliat histamin produces leukopenia. Attempts to verify this 
observation have led to results of the opposite character. The intra- 
venous injection of histamin phosphate, in doses ranging from 1 to 
2 mg., into cats was followed regularly by leukocytosis. The increase 
in leukocytes was evident within 15 minutes and continued to a maxi- 
mum 2 hours following the injury. The leukocyte count remained 
high for 6 to 8 hours and subsided appi'oximately to normal in 24 hours. 
Similar results followed the subcutaneous injection of histamin phos- 
phate in monkeys. The inerease was chiefly among the polymorpho- 
nuclear leukocytes. Injections of saline solution under the same 
experimental conditions were not followed by significant changes in the 
leukocytic counts. Differential counts made on cats resulted in the 
followng average leukocytic formula: 

Polymorphonuclear leukocytes: Normal, 47; after histamin, 68. 

Lymphocytes: Normal, 50; after histamin, 30. 

Monocytes: Normal, 3; after histamin, 2. 

A Comparative Study'of the Actions of Morphin and Dilaudid (Dihy- 
dromorphinone Hydrochlorid) on the Intact Small Intestine of the Dog. 

Charles M. Gruber and John T. Brundage with the occasional 
assistance of Anthony DeNote and Rayjiond Heiligman (Labora- 
tory of Pharmacology, Jefferson Medical College). Intestinal activity 
as influenced by morphin and dilaudid was studied in unanesthetized 
dogs with Thiry-Vella loops of the jejunum and ileum, using balloons, 
30 to 70 mm. long, 20 mm. diameter under a pressure of 15 cm. of water. 
The drugs were dissolved in Ringer’s solution and injected intraven- 
ously. The minimal dose of dilaudid causing an increase in general 
tonus was found to be 0.0002 and 0.0003 mg. per kg., respectively, for 
the jejunal and ileal loops. The corresponding amounts of morphin 
were 0.002 and 0.003 mg. per kg. In small and medium doses, dilaudid 
is ten times more active than morphin in causing an increase in general 
tonus. _ Large doses of dilaudid cause a decrease in general tonus of 
die jejunum and cause less increase in the general tonus of the ileum 
than do medium doses. 

The average rate of the rhythmic contractions of the ileum in the 
unanesthetized dog is 10.8 contractions per minute, and for the jejunum 
13.3 per minute. The effects of morphin and dilaudid upon the rate 
ol the rhytlimic contractions are not constant and no conclusions 
could be drawn, 
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The effects of these drugs upon the peristaltic activity are also 
variable; sometimes they cause a disappearance of these movements 
and at other times tliese drugs increase their amplitude and rate. 

The Permeability of Living Cells to Heavy Water (Deuterium Oxid), 
Balduin Lucre (Laboratory of Pathology, University of Pennsyl- 
vania). The unfertilized egg of tlie sea urchin, Arbacia punctulata, 
has been used as a cell which allows accurate determination of per- 
meability to water and ready recognition of injury. 

It was found that the rate of penetration of heavy water, D2O, is 
the same as that of ordinary water, H2O. The physical differences 
betrveen these two fluids are, therefore, not of sufficient magnitude to 
effect differences in their rate of cell penetration under tlie dri^^ng 
force of osmotic pressure. 

As has been reported for most otlier biologic material tested, D2O in 
sufficiently high concentration proved injurious to the test cell. This 
was indicated by inliibition of development of fertilized cells. How- 
ever, the similarity in rates of penetration of D2O and H2O observed 
in the present experiments may be regarded as evidence that heavy 
water does not exert its injurious effects through (rapid) changes in 
cell permeability. 
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ORIGINAL ARTICLES. 

LOBAR PNEUMONIA AND DIGITALIS. 

By Alfred E. Cohn, M.D., 

AND 

WiLLLAM H. Lewis, Jr., M.D., 

NEW YORK. 

(From the Hospital of the Rockefellct Institute for Medical Research.) 

The question is still undecided wlietlier the action of digitalis 
benefits patients suffering from lobar pneumonia. This question is, 
of course, distinct from the one which asks whether ghdng digitalis 
to such patients acts at all. To the second question, the evidence 
permits an affirmative answer.^ In view of the value which giving 
digitalis may possess, a decision on the first question is eminently 
desirable. A solution has not been possible because a simple test 
is not available. Reliance must still be placed on its average 
behavior. 

The careful and detailed study which was published by Wyckoff, 
DuBois and Woodruffs and by Niles and Wyckoff® has focussed 
attention anew on this problem. The plan of their study offered 
several advantages: (1) It dealt w^th relatively large numbers; 
(2) the duration of the observations was brief ; (3) the dose and value 
of the preparation used was known; (4) an attempt was made, by 
strict alternation of cases, to solve the problem of control. To 
complete the investigation in a brief period has presumably this 
Amtue, that the virulence of the infection may be regarded as haAong 
remained uniform. And strict alternation of patients has presum- 
ably this additional virtue that, provided the number of patients is 
large enough, the treated and the untreated include in adequate 
numbers all the varieties of resistance presented by patients. The 
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method of alternate selection appears to be the method of choice 
when the number of variable pathologic phenomena is large and 
their value difficult to assess. The method escapes the embarrass- 
ment due to these causes (number and value of phenomena) on 
the assumption that the cases become distributed equally in two 
great groups with reference to a selected variable, such as the 
effect of the action of digitalis. It is the familiar experiment of 
tossing a penny. The conclusion drawn from this study was “that 
the routine giving of digitalis to patients with lobar pneumonia is 
dangerous.”^ 

The validity of the method for the purpose of studying the value 
of giving digitalis in cases of lobar pneumonia may be tested from 
two points of view; in the Bellevue studj'^:^’^ (1) Was the virulence 
of the infection constant, as was supposed to be the case during 
the brief duration (2 years) of the observation? and (2) Is the reac- 
tion of patients sufficiently alike so that they may be treated like 
the pennies in the experiment? 

1. To be certain that the degree of virulence remained uniform 
is perhaps impossible. The data concerning mortality which are 
aA'^ailable show that in the Bellevue-Yorkville district (New York 
City), within which the Bellevue Hospital is situated, in the 5-year 
period, 1927-1931,^ the death rate per 100,000 from pneumonia 
(all forms) varied from 126 (Area 112) to 340 (Area 64). The 
Bellevue Hospital is located in Area 60 and here the rate was 631. 
During the same period the rate in Bellevue-Yorkville district 
was 210; in Manhattan, 169; in New York City, 127. The infer- 
ence which is draAvn is that virulence, reflected in rates of mortality, 
so far at least as it can be judged by such methods, was not uniform. 

2. Susceptibility also varies.^-® The risk may conceivably differ 
if, in patients, three lobes of the lungs are involved rather than one; 
if the age is over 40; if bacteria are present and persist in the blood; 
if complications are present; if patients are alcoholic; if they are 
hard manual workers. Niles and Wyckoff did, in fact, regard sex, 
age, type of pneumococcus, complications, bacteriemia and auricular 
flutter in their estimate of the effect of giving digitalis. But com- 
paring treated and untreated cases from the point of view of these 
disadvantages, one at a time, fails to take into account the risk 
which a given individual runs. He is not of a certain age nor 
suffering, one at a time, from bacteriemia, from complications or 
cardiac arrhythmia. He is, as a matter of fact, a person Avhose 
chances of recovery may depend precisely on the variety and on 
the number of these or other untoward factors of which he is 
the subject. But judgment should be delayed until it is demon- 
strated that the issue depends on what might be called “the severity 
of the disease.” Niles and Wyckoff take this consideration into 
account in 1 instance in which tliey combine two factors, age and 
tjqie of pneumococcus (Table 6).® 
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Because of the difficulties involved in the method of alternating 
cases, the analysis now rejiorted was undertaken from the point of 
view of the principle of “severity of disease.”'^’^’’^ At the basis of 
this principle is the idea that patients suffering from lobar pneu- 
monia encounter risks far from uniform. The risk varies, presum- 
ably, with the kind and number of factors of an untoward nature 
which each case presents. These are being called “untoward,^’, 
“unfavorable,” “disadvantageous” factors or phenomena or ele- 
ments. Eight such factors have been singled out for study. ^ Still 
other ones might have been chosen.® Obviously from this point of 
view the analogue of the experiment ivith a two-sided penny requires 
extension. As many such experiments must be carried on as there 
are groups of patients. Since there were 146 groups in this series, 
an adequate number of patients would be very large even if the 
permissible error were 10%. Alternation of cases is unnecessary, 
since uniformity of virulence and of-resistance may not be expected. 
This consideration suggests that hitherto an insufficient number of 
cases has been made to serve as the basis of a study in wdiich the 
method of alternation is utilized. 

/ 

Table 1.— Lobar Pnetoionia. Patients in the Hospital of the Rockefeller 
Institute, February, 1911, to July, 1932. 


Total Number Number Mortality, 

patients. rceoverod. died. %. 

Mon 1003 862 201 18.9 

Women 393 307 86 21.9 

Total 1456 1169 287 19.7 


Method. For the investigation now to be reported an analysis 
of the records of 1456 patients observed in the Hospital of the 
Rockefeller Institute has been undertaken (Table 1). The patients 
were treated during a period of 21 years, from 1911 (February) to 
1932 (July). Theoretically the length of time may be regarded a 
disadvantage; practically this is not necessarily the case for a study 
of the fatalities throughout this period shows that the deviation 
from the average death rate, month by month, is =^4.21% and 
seems negligible. This result compares not unfavorably with that in 
the Bellevue-Yorkville district in the period when the investigation 
at the Bellevue Hospital was taking place. Carrying on a study of 
an infectious disease over a brief period may, in point of fact, present 
a disadvantage; the time selected may lie within a time of epidemic 
manifestation. If a longer view is to be taken, spreading the dura- 
tion of observation may conceivably be an advantage. 

I. 

It was necessary first, as already suggested, to decide which 
, untoward” phases of lobar pneumonia should be singled out for 
analysis. Traditionally, being alcoholic, and being engaged in 
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liard labor, have been regarded as unfavorable factors with wdiich 
to contend in the process of recovery. To the importance of pneu- 
monia as a common cause of death in old age reference is not 
infrequentlj' made. But there are other untoward factors beside 
age, alcoholism, and hard work. These have been analyzed each , 
by itself. Those which, among others no doubt, have an influence 
on the outcome are apparentlj'r 

A. Tyiie of work (Fig. 1). 

B. Tj’pe of pneumococcus (Fig. 2). 

C. Age (Fig. 3). _ 

1). Alcoholism (Fig. 4). 

E. Bacteriemia (Fig. 5). 

F. Number of lobes involved (Fig". 6). 

G. Cardiovascular affections (Fig. 7). 

//. Complications (Fig. 8).* 

Having done heavy work presents an added risk; so does infection 
with pneumococcus Types II and Illf; age is distinctly a factor 
and is the more serious the higher the decade, the risk being 3 times 
greater after than before the age of 40; mild alcoholism is apparently 
of no consequence; the presence of bacteriemia quadruples the 
danger and its continued presence raises it about 8 times; involve- 
ment of more than two lobes of the lungs raises the risk from 24% 
(two lobes) to 41% (three lobes) and to 75% and 100% when four 
and five lobes, respecti^'ely, are involved; the complications which 
were encountered have A-arying significance, the important ones 
being empj'ema when not operated upon, pulmonary abscess, men- 
ingitis, pulmonary, renal and cardiac affections. In the sense that 
heavy work, infection with pneumococcus Tjqies II and III, age 
over 40, more than moderate use of alcohol, bacteriemia, cardio- 
vascular affections and certain complications have been I’egarded as 
factors having an unfavorable influence, so may lighter or less 
severe phases in each of these categories be grouped and the rates 
of mortality of patients affected by them be calculated. When this 
is done (Fig. 9) it appears that the rate is uniformly low— lower 
distinctly in each class than when the severer phase in that class is 
experienced. 

Certain possible factors seem, on the other hand, to ha’i^e had 
no importance in the outcome: 

1. The number of previous attacks of pneumonia. 

2. Serum sickness, after specific therapy with serum. 

The influence of specific and other forms of therapy requires 
separate analysis. In this study they have not been taken into 
consideration. Nor has treatment with antipneumococcus serum 

* These elements wll be referred to occasionally by letter. 

t Since this analysis deals ■nith cases admitted to hospital before July 1, 1932, 
further dirision of these typos, subsequently described, could naturally not be 
regarded. 
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TjTie I, given to most patients infected with Type I pneumococcus. * 
Tjqie II antiserum was given to a few patients only. 


Percent 



Fig. 1.— Lobar pneumonia. The curv'c of mortality according to occupation. 


Percent 



Fig. 2. — Lobar pneumonia. The curve of mortality according to the type of pneu- 
mococcus. 
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Fig. 3. — Lobar pneumonia. The curve of mortality: A, according to age; B, below 

and above age of 40. 

But important as it is to recognize these individual risks and to 
assign relative values to them, it is more important still, as has 

* The justification for omitting a further analysis of the influence of therapeutic 
serum in lobar pneumonia due to pneumococcus Type I, is that oases belonging to 
this group are regarded in this study as exhibiting a “benign” rather than a “dis- 
advantageous” factor (Fig. 9), except under those circumstances indicated in the 
footnote to Table 4. 
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been pointed out, to understand that patients present them not in 
isolation but in combination. Patients are wholes. 

When none of the untoward factors u’as present death was rare, 
there being only 2 deaths among 28S patients (0.69%) (Fig, 10).* 


Percent 



Fig, 4 

Fig. 4. — Lobar pneumonia, 
alcohol. 

Fig. 5. — Lobar pneumonia, 
bacteriemia. 
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The curve of mortality according to the use of 
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No of lobes' involved 12 3 4 5 

No rf patients 801 428 172 44 it 

No. died 68 105 7.0 33 It 
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Fig. G 

Fig. 6. — Lobar pneumonia, 
pulmonary lobes involved. 

Fig. 7. — Lobar pneumonia, 
cardiovascular affections. 


Fig. 7 

The curve of mortality according to the number of 
The curve of mortalitj' according to the presence of 


* The records of the 2 patients are: 

1. A mate clerk, aged 17, was admitted on the 11th day of liis disease and died 

14 hours later. Both lower lobes -were involved. The sputum was rusty. The 
type of organism was not ascertained. ■ » 

2. A young tailor, aged 21, was admitted on the 4th day of disease and died 25 
hours later. The right lower lobe was involved with Tj'pe I pneumococcus. Blood 
culture was sterile. He was given 155 cc, antipnenmococcus serum. His electro- 
cardiogram was normal. At autopsj,’’ there was consolidation of the right lower lobe; 
there was absence (congenital ?) of the right middle lobe; the heart was negative. 





Table 2. — Lobar Pneumonia. Mortality When ONEt and 
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When one untoward factor only was present (Table 2; Fig. 11) the 
outlook was favorable or at least not unfaA'orable, though even 
under these circumstances the nature of the factor Avas not Avithout 
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Fig. 8. — Lobar pneumonia. The curro of mortality according to the complications 
present, exclusive of cardiovascular affections. 


Percent 



Etc. 9. — Lobar pneumonia. The curve of mortality with and without "the presence 

of "unfavorable” factors. 
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importance. The number of patients who were observed in the 
Classes F, 6, 11 was, however, too small to permit reliable inference. 
When more than one of the untoward factors was present the rate 


Percent. 



Fig. 10. — Lobar pneumonia. The curve of mortality according to the number of 

“unfavorable” factors. 


of mortality rose (Fig. 10), depending on the number of them with 
which patients were obliged to deal. Whth ixoo the rate-was 14.4% 
(Table 2) ; with three it began to rise rapidly. 


Pepcenb 



Fig. 11. — Lobar pneumonia. The curve of mortality according to the presence of 
single “unfavorable” factors. Category H includes only 1 case. 

An attempt has been made to discover whether there is an 
arrangement or combination of factors which would prove to be 
more or less likely to influence the course of pneumonia than another 
combination. There was studied first what the result would be if 
any two factors were placed in combination, then anj’- three, and so 
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Pepccnt Six f<icbop» Pepcent Seven fictops 




Tig. 12.— Lobar pneumonia. Mortality is shown accdrding to the distribution of 
eight unfavorable factors in every actual combination. 
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Table 3. -Lobab Pneumonia. Mortality of Patients Treated With and Withobt 


All Patients. 

Digitalis. 

la First 72 Hours of Disease. , 

) 1 

No. Died. 

Mor- 

tality. 

% 

Group. 

Dose, 

gm. 

j No 

j unfavorable factor. 

One 

unfavorable factor. 



No. 

pts. 

No. 

died. 

Mor- 

tality, 

%. 

No. 

pts. 

No. 

died. 

Mor- 

tality, 

%. 

No. 

pts. 

No. 

died. 

Mor- 

tality, 

%. 

No. 

pts. 

No. 

died. 

Mor- 
tality, ' 
v* 

/cs 

69S 117 1 

16.7 

1 

II 

III 

IV 

Total 

0. 1-0.6 
0.7-0.8 
0.9-1.5 
1.6-f 

30 

13 

28 

3 

"74 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

31 

14 

70 

20 

135 

1 

0 

1 

1 

3 

3.23 

0.0 

1.43 

5.0 

2.22 

18 

13 

70 

21 

122 

1 

1 

7 

3 

12 

5.55 

7.7 

10.0 

14.3 

9.84 

6 

7 

35 

14 

62 

1 

2 

14 

6 

23 

16.7 

2S.6 

40.0 

42.9 

36.S 


After 72 Hours. 

758 170 1 

22.4 

V 

VI 

VII 
VHI 

Total 

t 

1 

0.1-0.61 
0. 7-0.8 
0.9-1. 5 
1.6-f 

1 

28 i 

5 

30 

6 

69 

1 

0 

0 

0 

' 1 

3.6 

0 

0 

0 

1.45 

43 

27 

[70 

16 

~15G 

1 

1 

d 

2 1 

8 1 

1 

2.3 

3.7 

5.7 

12.5 

5.1 

26 

17 

77 

27 

147 

S 

5 

13 

6 

32 

30.8 

29.4 

16.9 

22.2 

21.8 

22 

5 

40 

22 

~S9 

16 

3 

13 

8 

40 

72.7 

60.0 

32.5 

36.4 

41,5 

Total 1,450 , 2S7 ' 19.7 



Mortality of Patients Untreated and Treated With Digitalis. ^ 

Digitalis 143 1 , 0.70 

No digitalis 145 ij 0.69 

291 j 
146 j 

11 ' 3.78 

7, 4.79 

2691 

86 

44* 16.3 

71 S.l 

[ 

151 

43 

63 

11 

41.7 

25.6 

Difference -t-0.01 

-1.01 1 

1 

4-8,2 

4-16.1 

Digital 
il an 
No dig 

MorUlity of Patients Untreated and Treated With Digitalis Groups 11 and III. 

is Groups 
d III 41 

itaUs 145 

0 

1 

0 

0.69 

84 

I4C 

1 

7 

1.19 

4.79 

S3 

86 

1 

8 

7 

9.6 

8.1 

42 

43 

16 

11 

SS.l 

25.6 

Difference —0 69 

-3.60 

4-1.5 

4-12.5 


• See Fig. 15. 


on to any eight factors (Fig. 12). But all these efforts have been 
without great significance. When E, F, G, H are elements in the 
combination the mortality is higher, but the numbers in these 
groups, occurring in isolated fashion, or indeed in any fashion at 
all, are too small for reliable calculation. Except for this reserva- 
tion, the inference seems to be justified that the presence of what 
may be “extras” in the disease lobar pneumonia has a bearing on 
the outcome. The number of them with which a patient must 
grapple has obviously an important influence. It is desirable to 
know what added burden each one contributes, but to be certain 
what this is, the numbers aAmilable in this and in other studies are 
too small to ascertain. The untoward factors of which account 
has been taken are obviously heterogeneous. Some have and some 
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Digitalis. Grouped' AccobdinG'TO the Number op Unfavorable Eactobs.* 


Digitalis. 

In First 72 Hours of Disease. 


Four 

unfavorable factors. 

Five 

unfavorable factors. 

Six 

unfavorable factors. 

Seven unfavor- 
able factors. 

No. 

Died. 

Mor- 

tality. 

% 

No. 

Died. 

Mor- 

tality. 

% 

Ko. 

pis. 

No. 

died. 

Mor- 

tality, 

%. 

No. 

pts. 

No. 

died. 

Mor- 

tality, 

%■ . 

No. 

pts. 

No. 

died. 

Mor- 

tality, 

%. 

:No. 

Ipts. 

No. 

died. 

Mor- 

tality, 

%. 

4 

3 

75.0 

6 

6 

100 

1 

1 

100 

1 

1 

100 

97 

14 

14.4 




0 



1 

1 

100 

0 



0 



48 

4 

8.3 




24 

20 

83.3 

7 

7 

100 

3 

3 

100 

1 

1 

I'oo 

238 

53 

22.3 




10 

8 

80.0 

6 

4 

66.7 

1 

1 

100 

1 

1 

100 

76 

24 

31.6 




38 

31 

1 79.5 

i 

20 

i 

18 

90.0 

5 

5 

100 

3 

3 

100 

459 

95 

! 

20.7 

239 

22 

9.2 

After 72 Hours. 




n 

7 

63.6 

1 ! 

1 

100 

1 

1 

100 

3 

3 

100 

135 

38 

28.2 




7 

5 

71.4 

1 

1 

100 

I 

1 

100 

0 



63 

16 

25.4 




24 

18 

75.0 

9 

8 

88.9 

4 

2 

50 

2 

2 

i66 

256 

60 

23.4 




15 

6 

40.0 

7 

7 

100 

1 

1 

100 

1 

1 

100 

95 

31 

32.7 




57 

36 

63.1 

18 

• 17 

94.4 

7 

5 

•71.4 

G 

1 ^ 

100 

549 

145 

26.S 

209 

25 

12.0 


1,008 

240 


448 
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Mortality of Patients Untreated and Treated With Digitalis. 







95 

67 

70.5 

38 

35 

92.1 

12 

10 

83.3 

9 

9 

100 




t 



20 

14 

70.0 

8 

7 

87.5 
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, 




+0.5 

+4.6 








Mortality of Patients Untreated and Treated With Digitalis Groups 11 and III. 







24 

20 

83.3 

8 

8 

100.0 
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1 

1 , 
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20 

14 

70.0 

8 

7 

87.5 


1 




1 

1 







+13.3 

+12.5 









WiTHOGT 

Digitalis. 


have no necessary connection with lobar pneumonia. They have 
only this importance, that they are presented by patients during 
the course of this disease. 

II. 

Having separated the cases into groups according to their 
severity it became possible to study the effect of the action of 
digitalis in each group. Since the time in the course of the disease 
at which digitalis is given might exert an influenpe, this point has 
been taken into account. In those who recovered the duration 
ends with crisis or lysis in 7.9 days; in those who died, in 7.88, days. 

Early ” has been regarded, therefore, as the first 72 hours (Fig. 13) ; 

late,” as the remainder of the duration. Since digitalis was given, 
so far as concerns the entire experience, in an irregular manner, it 
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has been necessary to take dosage also into consideration. There 
are patients who took none; others who took small (Groups I and V), 
moderate (Groups II and VI), sufficient (Groups III and VII) and 
large amounts (Groups W and VIII). Each group was divided 



Dupabion - daya 1 Z 3 4 5 6 7 6 9 10 11 It 13 14 15 16 17 18 19 20 

Fig. 13. — Lobar pneumonia. This curv'e shoivs the number of cases of recovery 
and of death according to the number of days of illness. The average duration of 
illness of the recovered oases, excluding 7 cases lasting longer than 20 days, was 
7.9 days: of fatal cases, e.xcluding 11 cases lasting longer than 20 days, was 7.88 days; 
of all cases was 7.89 days. 


according to whether digitalis was taken early or late. Except 
for the patients to whom strophanthin was given, digipuratum or 
digitan (Knoll, hlerck) has been used almost uniformly. Since 
0.9 to 1 gm. has affected the ventricular rate of patients the subject 



P<ay of diBCdse 1E3456789 10 U1E13 

Fig. 14. — Lobar pneumonia. This enrve shows the number of cases of recovery 
and of death according to the day on -which digitalis was first administered. The 
first .3 days are regarded as lieing "early" in the course of the disease. 


of auricular fibrillation ill of pneumonia, 0.9 to 1.5 gm. has been 
taken to be a “sufficient” dose. The cases have been divided, 
therefore, in groups, depending on the time of adpiinistration 
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(Fig. 14) and on size of the dose of digitalis administered (Table 3). 
These considerations have been utilized in analyzing the effect oj 
giving digitalis to patients, depending on the “severity of disease,^’ 
severity being expressed in terms of the number of untoward phe- 
nomena which developed in its course (Table 3). The tables show 
that there appears to be little difference whether digitalis was taken 
or not, except when two, three and five untoward factors were 
present (Table 3). If a sufficient dose (0.9 to 1.5 gm.) was given 
“early” (Fig. 15) the mortality was less than when no digitalis was 
taken in those without or with one untoward factor; it was greater 
otherwise, but the difference is not important. If the time when 
digitalis was given is regarded, the mortality was less in those with- 





° • • edply in the disedse 

d • ■ • ciptoO.Bdm. 

* • ■ ' 0.9 to 1.5 §m. 

Pig. 15. — Lobar pneumonia. The mortality is exhibited of patients when un- 
treated and treated with digitalis, when digitalis was given early, and when up' to 
0.8 gm., and when 0.9 to 1,5 gm, were given, early in the disease. The broken line 
describes the curve of mortality of the general series. 


out or with one untoward factor; otherwise it was greater, but again 
the difference is slight. If small doses of digitalis (up to 0.8 gm.) 
were given the death rate was smaller when there were none, one, 
two or three of these factors. But the differences again are small! 

The attempt finally has been made to discover whether, among 
the untoward elements, certain ones, when they were present alone, 
played a role more or less unfavorable than others when digitalis 
was given. The aged and the alcoholic were not aided; otherwise 
did no ha,rm (Table 4). Where the differences appear large in 
either direction the numbers of cases are too small to yield signifi- 
cant results. Whether digitalis was given or was not, whether the 
size oi the dose was small or, in our judgment, adequate, whether 
it was given early or late— all of these considerations appear to be 
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of no deciding consequence. The form of the curve of mortality 
(Fig. 15) depends, it seems, entirely on the degree of severity of 
the affection; when it is slight, death is rare; the more severe, tlie 
greater the number of untoward factors against which the struggle 
must be made, the smaller become the chances of recovery. The 
form of the curve appears to indicate what the important factor is 
in deciding the outcome; it is the disease— virulence of the infection 
and resistance of the host, both together, rather than the action of 
digitalis. 


Tabi.b 4. — Lobae Pneumonia. Moetauty of Patients Teeatbd anb Untheated 
With Digitalis Exhibiting a Single Unfavoeable Factor. 


1 

No dieitalia. 

Digitalis. 

Difference 

in-mor- 

tality, 

%. 

No. 
of pa- 
tients. 

1 

j Died. 

1 

Mor- 

tality, 

%. 

No. 
of pa- 
tients. 

Died. 

Mor- 

tality, 

%. 

A. Hea'^'y work j 

1 

1 48 

i 

! 0 

1 

: 0.0 

97 

1 

1.03 

1.03 

B. Type II or III* pneumococcus i 

43 

1 1 

2.33 

81 

2 

2.47 

0.14 

C. Over 40 years of age . . . j 

i 17 

1 0 

1 0.0 

50 

3 

6.00 

6.00 

D. Moderate or hea^'y use of al- j 


i 







3 

; 0 

1 0.0 

9 

1 

11.1 

11.1 

E. Bacteriemia* Type I or Group 1 


1 






IV ! 

21 

i 3 

14.3 

40 

3 

7.5 

-6.8 

F. Three or more* lobes involved i 

6 

1 

16.7 

11 

1 

9.1 

-7.6 

G. Cardiovascular affection . . | 

7 

1 

14.3 

3 

0 

0.0 

-14.3 

H. -Unfavorable complications . j 

1 

1 

100.0 





i 

Total 1 

1 

146 

7 

4.79 

291 

11 

3.78 

-1.01 


* The presence of infection with Pneumococcus Type I or Group IV is not counted 
as an untoward factor except when it invades the blood stream or when 3 or more 
lobes are involved. Pneumococcus Type II and Type III when they are accountable 
for the existence of lobar pneumonia and are present also in the blood or when 3 or 
more lobes are involved are counted as two factors; cases so affected are not included 
in this table. 

III. 

If, in this stage of the analysis an intferpretation were adopted 
which would be regarded as reasonable, it would be that giving 
digitalis to patients with lobar pneumonia does not influence the 
rate of mortality; this method of analytical treatment points neither 
to an unfavorable nor to a beneficial action. But numerous physi- 
cians®"^" maintain the belief that the course of disease in those to 
whom digitalis has been given is influenced nevertheless. The 
difficulty consists, has indeed consisted, in putting this belief to 
test. If the method of study so far adopted leads to an impasse, 
another approach to solving this problem may be attempted. 

The beneficial action of digitalis is most convincing in patients 
with certain affections of the heart, of course not subjects of lobar 
pneumonia. Proof that digitalis acts upon the heart is no longer 
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necessary.- That it acts also upon the febrile heart in pneumonia^ 
seems now generally to be accepted. Aside from having an influ- 
ence on the size of the heart in pneumonia, digitalis exercises its 
well-known aetion on conduction by reducing the rate of the ven- 
tricles in auricular fibrillation. The view has been expressed that 
it is precisely in cases of auricular fibrillation^' and auricular 
flutter in wdrich^because with the onset of these irregularities serious 
symptoms develop, perhaps resembling the state sometimes called 
collapse, giving digitalis actually has a beneficial action. As a 
result of early experiences in the Hospital of the Rockefeller Insti- 
tute the point was made that, since many cases of auricular fibrilla- 
tion and flutter occurred (11 in 123, 9.7%) in which it did good. 


PcPccnfc 



No pdtientis trea-tod (31) Z 6' S’* 4^ 2 

^ivcn eai>ly(9) 1 0* 3 i 1 

• • latcloot noted on corv^(e^)l 5 6" ^ i 


*0ne caee aiith acote pepicapdifcl& 
cases. . 

■* One case - - menm^itis 

Eig. 16.— Lobar pneumonia and auricular fibrillation. The mortality of patients 
untreated and treated -with digitalis according to the number of “unfavorable” 
factors of Tvhich auricular fibrillation or flutter was one, -which -were present, exhibited 
m relation to the curve of mortality of the general series. 


digitalis might be given as routine treatment with the view, in antici- 
pation of its occurrence, of preventing harm due to this arrhythmia.^^ 
The pomt had not yet been appreciated that younger individuals 
rarely exhibited this irregularity; and that it occurred for the most 
part only beginning with the fifth decade. Since an effect occurred 
on heart muscle, as seen in changes in the T wave,i on the size of 
the heartie and on_ contraction with moderate doses, the stateinenti 
was made that action by digitalis could be counted on— whether for 
good was another matter. At all events, the effect on conduction 
in auricular fibrillation might prove to be life saving. 

In the light of these reflections, the course of events in all the 
cases of auricular fibrillation and auricular flutter has been reviewed 
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(31 patients, of whom IS [5S%] died).* The cases have been 
analyzed, though the number is small, from the point of view of 
the general mortality, of the age of the patients, of the other un- 
toward factors which they presented. It is apparent that, if the 
cases are grouped according to the number of the "untoward” 
factors against which they were required to contend, the outcome 
in those who suffered from two (of which auriculai; fibrillation was 
one) was strikingly better than that in the general series (Fig. 16). 
When there were tlrree factors (of Avhich auricular fibrillation was 
one) the death rate was actually lower than the rate in the case of 
those who took digitalis (Fig. 16). The 3 patients who died were 
seriously ill (Fig. 16). When there were more untoward factors 
there was no important difference from the general curve of mortal- 
ity. The influence of age on the development of auricular fibrilla- 
tion is not certain; the number of cases is too small. One only 
occurred before the age of 30; the incidence then rose to the age 
of 60 and in the seventh and eighth decades fell (Fig. 17). f 

Whatever may be learned from greater experience concerning the 
influence of fibrillating auricles on the outcome of lobar pneumonia, 
this at all events is apparent from the few observations which it 
has been possible to make; tlie chances in those in whom it is 
present are not worse than in other patients (Fig. 16). Giving 
digitalis has been useful when no more than two untoward elements 
(besides auricular fibrillation itself) were present; the rate of mor- 
tality was favorably influenced. When there were more untoward 

* A table containing full data of these cases has been made and will gladly bo 
placed at the disposal of those who arc interested in studying it. 

t Several notes concerning the cases in which auricular fibrillation occurred 


deserve record: 

Of 31 patients taking digitalis; 

1. (a) Auricular fibrillation persisted until death .... S (26%) S 

Auricular fibrillation persisted in recovery .... 1 ( 3%) 

(6) Ventricular rate slowed 23 (74%) 

(c) Normal rhythm returned 22 (71%) 

Of whom 12 (39%) recovered 

Of whom 10 (32%) died 10 

IS 

13 patients recovered; 

2. (a) Auricular fibrillation developed before taking digitalis .... S 


(6) Auricular fibrillation developed after taking digitalis, 1 gm. ... 2 

(c) Auricular fibrillation developed after taking digitalis, less than 0.9 gm. 3 


13 

18 patients died; 

3. (a) Auricular fibrillation developed before taking digitalis .... 0 

'(b) Auricular fibrillation developed after taking digitalis, 0.5 gm. . . 1 

(c) Auricular fibrillation developed after taking digitalis, 1 to 2.2 gm. in 

2 to 5 days 11 


18 

Number of cases before taking digitalis (a) 14 (2a + 3a) of whom C died (42.9%) 
Number of cases having taken a suffi- 
ciency of digitalis (h) 13 (2h + 3c) of whom 11 died (85.0%) 
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elements, the chances were not worse 'than tli,ey would otherwise 

have been. , , i p x- 4 . 

Although there is no reason to believe that the study or patients 

suffering from other forms of cardiac affection can throw light on 


r&pcenb 



All pdfeien-ts (37) 
Recoveped (16) 
Died (21) 


1 6 6 16 7 1 

Z 5 5 4 

1 4 1 11 3 1 


Pig. 17. — Lobar pneumonia and auricular fibrillation. This curve exhibits the 
patients arranged according to age. 


the value of giving digitalis, the experience gained from 164 cases 
in which some form of cardiac affection was detected ' has . been 
analyzed, h'lortality according to age lay higher in the earlier 
decades in relation to the general series than in the later ones 


Pepccnt 



Fig. 18. — Lobar pneumonia and cardiovascular affections. The mortality of patients 
untreated and treated with digitalis, according to the number of “unfavorable” 
factors, of which cardiovascular affections was one, which were present, exhibited in 
relation to the cun^e of mortality of the general series. Compare Table 7. 


(Fig. 3). A variety of irregularities and of organic diseases (of the 
valves, arteriosclerosis and hypertension, acute pericarditis) tvere 
encountered (Tables 5 and 6), In these cases the influence of the 
action of digitalis on the curve of mortality exhibits no important 
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difference from that which occurred in the general series (Table 7 ; 
Fig 18). 


T.A.BLE 5. — Lobar Pneumoni.a and 

Cardiovascular 

Affections. 

Mortality 

According to Type or Atfection. 


Tite of affection. 

. Number. 

Died. 

Mortality, 

A.* 



' %. 

Arrhythmia: 




Premature contractions . 

... 49 

20 

41.7 

Auricular fibrillation . 

... 37 

21 

56.8 

Valvular disease .... 

. . 27 

14 

51.9 

Coronary sclerosis ] 
Hypertension j- . . . . 

. . . 2S 

16 

57.5 

Arteriosclerosis J 

Acute pericarditis . . . . 

. . 29 

29 

100.0 

B.t 




Heart block 

. 23 

3 

13.1 


* See Figs. 3 and 7. 
t See Table 0. 


Table G.— Lobaii Pneumonia and Heaht Block. 


Case No. 

Age, 

years. 

t 

( 

' Typo of heart block. 

i 

i 

1 Auriculo- 
1 ventricular 
! conduction 
j time, SCO. 

1 Ocenr- 
1 renceof 

1 heart 
biock; 
relation 

1 to lever. 

Amount given 
before onset of 
heart block. 

Duration 

of 

heart 

block. 

Result. 

1072 

1 40 

j 2 : 1 Auricular fibrillatian 

I 

1 Increased 
Varying 

i During 

1 

StrophantWn 3 1 
1 mg. i.v. 

Transient 

Recovered 

4016 

69 

1 Loog A-V interval and 2: 1 
j Auricular fibrillation 

1 

0.12-0.38 

During 

Strophanthin 2 x 
1 mg. i.v. 
Dipdialis 2.5 gm. 

Transient 

Died 

348S. 

24 

Lon? A-V interval and 2: 1 

1 Long interval and 2: 1 

0.18-0.34 

During 

Digitalis 2.6 gm. 

Transient 

Recovered 

569S 

34 

0,22-0.31 

During 

Digitalis 1.1 gm. 

Transient 

Recovered 

6164 

31 

1 LongA-Viiitcri’alaDd3;2 

Increased 

1 Varying 
0.20 

During 

Digitalis 2.0 gm. 

Transient 

Recovered 

5206 

2S 

!3:2 

j During 

Digitalis 0.8 gm. 

Transient 

Recovered 

2217 

43 

f Long A~r interval and 2: 1 

1 0.22-0.31 

, During 

Digitalis 2.9 gm. 

Transient 

Died 

7001 

, Go 

j Left bundle branch block 

1 (0.14 seconds) 

; 0.16 

During 

Digitalis 0.9 gm. 

Permanent 

Died 

3161 

i 22 

Long A-T’’ interval and 2: 1 

J Increased 
\ Varying : 

During 
and after 

Digitalis 1.5 gm. 

Transient 

Recovered 

6922 

1 ** 

,2:1 

1 Increased 
Varjing 
0.22-0.2$ 

After 

Digitalis 1.1 gm. 

Transient 

Recovered 

2102 

1 IS 

1 

1 Occasional blocked auricu- 
{ lar beats 

After 

Digitalis 1.9 gm. 

Transient 

Recovered 

365S : 

19 

LonEA-I'’inten-aland2;1 1 

! 0.12-0.28 

1 Alter 

Dbitalis 2.0 gm. 

Transient 

Recovered 

23S1 

23 

Long A“Finterval and 2; 1 

: 0.18-0.32 

After 

Digitalis 2.1 pn. 

TVansient 

Recovered 

?(>?2 ! 

26 

Long A-F interval and 2 : 1 

0 15-0 34 

1 After 

Digitalis 1.5 gm. 

Transient 

Recovered 

5127 

1 

32 

2:1 and 3:1 

1 Increased 

1 Varving 

1 After 

1 Digitalis 1.1 gm. 

Transient 

Recovered 

3169 

45 

2:1 ! 

1 

{ Increased 
! Varying 

; After 

Digit.alis 3.1 gm. 

Transient 

Recovered 

3914 

56 

2:1 

i Increased 

1 Varying 

After 

Digitalis 2.0 gm. 

Transient 

Recovered 

6661 

34 

Sino*auricular block 

Increased 

Varying 

After 

Digitalis 1.0 gm. 

Transient 

Recovered 

5077 

42 

Occasional blocked auricu- 
lar beats 

I 

Increased 

Varying 

0 24-0.26 

After 

Digitalis 0.9 gra. 

IVansient 

Recovered 

3319 

1 

|3:2 

Increased 

Varying 

After 

Digitalis 1.6 gm. 

Transient 

Recovered 

730S 

56 i 

Slight right intraventricular 
block (0.12 second) 1 

0.11-0.16 

After 

Digitalis 1.0 gm. 

Transient 

Recovered 

6574 

42 j 

Slight right intraventricular | 
block (0,12 second) 

0.16 

During 
and after 

Digitalis 1.0 gm. 

? Perma- 
nent 

Recovered 

1131 

3-1 1 

1 

Right ifltraventricular 
block (O.IG second) 

0.13 

During 
and after 


Permanent 

Recover d 
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Table 7. — Lobar Pneumonia and Cardiovascular Affections. Mortality of 
Patients Untreated and Treated With Digitalis According to Number of 
Unfavorable Pactors op Which a Cardiovascular Affection Was One.* 


No. of 
unfavorable 
factors. 

1 

j No digitalis. 

Digitalis. 

No. 

of 

pa- ; 
tientsJ 

! 

Mortality, 

All patients. 

Digitalis given early. 

Digitalis given late. 

No. 

of 

pa- 

tients. 

Mortality. 

No. 

of 

pa- 

tients. 

Mortality. 

No. 

of 

pa- 

tients. 

1 

Mortality. 

No. 

%. 

No. 

%. i 

No. 

%• 

No. 

%■ 

1 

1 

i 

7 

1 

! 

14.3 

1 

i 

3 

! 

1 

0 

0.0 

1 

1 

0 

0.0 

1 

1 

2 

0 

0.0 

2 

6 

0 

0.0 

22 ! 

5 

23.6 

12 

2 ' 

16.7 

10 

3 

30.0 

3 

1 11 

4 

36.4 

33 

IG 

48.5 

12 

5 

41.7 

21 

11 1 

52.4 

4 


5 

71.4 

34 

18 

52.9 

18 

11 

61.0 

16 

7 

43.8 

' 5 

2 

2 

100.0 

21 

18 

85.7 

8 

7 

87.5 

13 

11 

84.6 

G 




10 

: 8 

1 80.0 

3 

i 3 

1100.0 

7 

5 

71.4 

7 




8 

8 

100.0 

3 ! 

3 

100.0 

5 

6 

100.0 

Total 

33 

12 

3C.4 

131 

73 j 

55.7 

57 j 

31 

54.4 

74 

42 

56.8 


* See Table 5 A. 


Discussion. IMention recurs unfortunately with too great fre- 
quency of the value of digitalis in the cure of lobar pneumonia. 
The thought that digitalis can have a bearing on the outcome of 
the disease itself should disappear. When this idea was originally 
suggested,^® relatii'^ely little was known either concerning the nature 
of pneumonia or the action of this drug. It was the fall in tem- 
perature which attended the use of large doses that suggested to 
Iraube and others its availability as an antipyretic. No one 
believes now that digitalis has this property. Another belief con- 
cerning Its action is bound up with the word beneficial. Beneficial 
can be used in two senses: (1) Connected with an effect on the 
disease itself and (2) with the effect on some occurrence, precip- 
itated during its course. 

beneficial as concerns the disease itself requires proof 
tliat there is a relation between the action of digitalis and the pul- 
monary process. Since there is no evidence for this supposition, 
this notion also can be dismissed. But (2) that taking digitalis 
has an effect on a physiologic process (auricular fibrillation) apart 
L f in the course of the disease is, however, fairly 
^tabhshed. '2. Conclusions formerly published^ state that: '‘(1) 
Bigitahs acts during the febrile period in pneumonia. (2) It pro- 
duces a beneficial possibly a life-saving effect in cases of auricular 

™ t ® Whatever beneficial action 

mav L the normally beating non-febrile heart 

‘^^'Pected from its use in the febrile heart of pneumonia ” 
These conclusions point obviously to the action of digitalis on the 
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heart and not to an action on the immunologic processes of tlie 
disease, lobar pneumonia. For these reasons it seems gratuitous 
to speak of a beneficial cft'ect of the action of digitalis on the rate 
of mortality. Unless current conceptions dealmg with the nature 
of pneumonia were incorrect, this notion should no longer be 
suggested. It is only when some untoward accident, like fibrilla- 
tion of the auricles, occurs that giving digitalis may be regarded 
as an aid; if people were otherwise to die of this accident, digitalis 
may be regarded as life saving— but only in this sense and only in 
this connection. When it was first discovered that transient 
auricular fibrillation occurred in lobar pneumonia and that it 
seemed furthermore to occur frequently (9.7% of cases), “as a 
result of these experiences, the hospital (of the Rockefeller Institute) 
for the time being* adopted the following rules in the treatment of 
pneumonia. . . With more experience and for reasons 

already detailed, practice in this regard has changed. 

If the use of an agent is found to be beneficial in one respect, as 
in the management of transient aui'icular fibrillation, care must be • 
exercised nevertheless to see to it that it is not harmful in another, 
as in the outcome of lobar pneumonia itself. The evidence, not 
yet conclusive, indicates that the action of digitalis is without 
influence on the rate of mortality under a variety of circumstances. 

This inference differs from that of Niles and Wyckoff andWimkoff, 
DuBois and Woodruff. It is perhaps striking that the difference 
betw^een their treated and untreated cases is as little as 7.7% 
(Table 5) This is within the error of most physical, to say nothing 
of biologic, measurements and speaks for the correctness of the 
inference in the present study. Why the results of these two studies 
varies is not certain. The nature of the cases may not have been 
fundamentally different. Perhaps the difference in technique of 
the analyses employed in the two hospitals is responsible for the 
difficulty. And yet when the crude figures alone are regarded, the 
rate of mortality in both favors the untreated cases. It did in fact 
occur, as in the experience of other observers, that the patients 
more severely ill in om* hospital took digitalis rather than the 
others. A conclusion should not depend, however, on so simple 
a comparison. In the attempt to make comparison valid, reliance 
has been placed on treating a large number of cases, though perhaps 
not large enough; since sufficiently large numbers are scarcely 
available, it has been necessary to resort to some sort of weighing 
of the evidence. 

Essentially it is weighing which has)^been attempted in this 
study. Other methods have been employed. Bullowa® used the 
method of rating the severity of each of five main factors, the 
value given to each factor being, of course, arbitrary. But the 
reason for doing so is clear: The method of alternation to secure 


* Italics not in original. 
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controls cannot, in a relatively small group of cases, be undertaken 
otherwise with justice. The factors which Bullowa rated depend, 
with the exeeption of age, pregnancy, and obesity, on phases of the 
disease. With a different choice of the exceptions, the method this 
study has pursued is similar. It is possible that, again with a 
few exceptions, such as E, F, G, H, the faetors chosen for analysis 
are of small importance as long as certain ones like bacteriemia are 
included. The total load patients must bear decides the outcome. 
Adding other factors like pregnancy, obesity, psychologic disturb- 
ances, gastro-intestinal distress, cyanosis, naturally increases the 
number of variables to 13 and necessitates the accumulation of 
still greater numbers of cases, if justifiable inferences as between 
the effect on treated and untreated cases are to be drawn. 

The matter of weighting becomes the more important when the 
diflficulties are reviewed which unavoidably enter a research so 
complicated as this. Wyckoff, DuBois and Woodruff, and Niles 
and Woodruff encountered difficulty with their digitalis Specimen B, 
which they gave to 142 (42%) of their patients. Now the assay 
of B was twice that of the other specimens used and the rate of 
mortality was 10% higher. But when Specimen B made patients 
ill, the rate of mortality was only 24.6% as against 64.2% when it 
was not toxic, and as against a rate of 33.7 % for the untreated cases. 
In short, the stronger, toxic, digitalis reduced the rate by 9.1% 
below that of the untreated cases. In another connection it appears 
that, when bacteriemia was an unfavorable faetor, those who were 
treated with digitalis were better off by 0.4% than the untreated 
cases; but freedom from bacteriemia, in those likewise treated with 
digitalis, reduced then chances of recovery by 14.3% as against 
those untreated. These are perhaps vagaries; but they are not of 
a nature to satisfy one of the competence of a method to yield 
insight into so complicated a situation. 

Objections have been made to the use of digitalis in lobar pneu- 
monia^o on the ground: (1) That auricular fibrillation is rarely 
found except in dying hearts; and (2) that it has a tendency to 
excite the onset of aurieular fibrillation. If the occurrence of, 
auricular fibrillation is regarded from the viewpoint of the total* 
experience, its incidence was small, 37 in 1456 (2.5%). But after 
the age of 40 there were actually 6.6%, and under 40, only 0.7%. 
So far as the tendency to excite the onset of auricular fibrillation 
is concerned, the evidence to which Wolferth-® referred is meager. 
Robinson,2i in describing his patient, says: “The administration 
of digitalis may have been a factor in causing the disappearance 
of auricular fibrillation on two occasions.” But neither his case 
nor others reported in the literature* occurred in lobar pneu- 
monia, In this series 14 cases occurred before taking digitalis (Foot- 


* Resnik deals critically ivith the cases collected by Ilobinson.22 
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note, p. 474, 2a + 3a) . A relation may exist, but the evidence so far is 
scarcely conclusive. It is noteworthj'- that in 1008 patients, auricular 
fibrillation was detected no oftener than 35 times (3.5%) among 
those who took digitalis (including those who took strophanthin). 
It is worth noticing also that of 31 patients who took digitalis (not 
strophanthin), the normal rhythm returned in 22, and that 10 of 
these died. Of the 18 ivho died, auricular fibrillation persisted until 
death only in 8 (Footnote 1. (a) p. 474). Inattempting to understand 
this occurrence, the suggestion may be made either that the mech- 
anism of the approach of death had nothing to do with the onset or 
persistence of this arrhythmia or that there is present in the mech- 
anism of death a factor which inhibits a continuance of the irregu- 
larity. But in the latter case it Avould then be difiicult to understand 
why auricular fibrillation was present until death in 8 cases. So far 
as its being rare except in the dying heart is concerned, it was possible 
to say "The fact that so many died without changes must be taken 
to mean that the proximity of death was not associated with the 
electrocardiographic changes on ivhich we rely, even in those who 
had taken small amounts of the drug.”^ 

Further observations have been made on changes in heart block 
during lobar pneumonia. The statement was formerly made’- that, 
when digitalis was not given, although alterations in conduction 
occurred in both directions, the degree was not significant. A 
decrease, not greater than 0.06 second was observed in 11 patients 
and an increase, not greater than 0.03 second, in 4 patients. When 
digitalis was given, there was almost uniformly (80%) an increase 
of 0.04 second or more, leading in 7 instances to block. The patients 
were all in the febrile stage. Altogether 23 cases of heart block 
have been observed (Table 6), lesser grades of change in conduction 
have not been studied. It appears that 8 cases occurred during 
fever, but that in each case sufficient digitalis (or strophanthin) 
was given to bring about the arrhythmia. Reports of heart block 
in cases of lobar pneumonia haAm appeared in which this irregularity 
occurred during the febrile stage both with“ and without**'-®* 
the administration of digitalis; cases have also been reported as 
occurring during the afebrile period of convalescence, again with®® 
and without®®! taking digitalis. The distinction between the 
febrile and postfebrile periods is sometimes not made®® on the 
supposition that it is not important. Mention whether digitalis 
was given is sometimes omitted.®'* It is desirable to know the 
mechanism in those cases to w’hich digitalis has not been given 
and in AA'hich block occurs after the subsidence of fever. Heart 
block appearing then apparently does not necessarily depend on 
taking digitalis. 

* There is no specific statement on whether digitalis was given. 

t This was a case of influenza pneumonia. 
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Summary. An analysis of 1456 cases of lobar pneumonia has 
been made, to ascertain what influence the action of digitalis has 
on the course of this disease. Since the method of comparing 
treated and untreated cases by alternating them could not be 
applied, that of weighing the cases was employed instead. The 
reasons why, in a 'situation in which there are many unavoid- 
ably varied factors, this method is preferable to the other, have 
been given. In weighing the cases, factors which are untoward 
or unfavorable were first isolated and then by regarding the presence 
of each of them as having a value of one, the cases were grouped 
according to the number of their untoward factors. ' The importance 
of the untoward factors in determining the rate of mortality has 
been emphasized. It appears from the curve of mortality drawn 
according to the number of these factors that the rate depends on 
the number present. When the groups are studied in the light of 
whether digitalis was taken and also according to the size of the 
dose and the time in the course of the disease when it was adminis- 
tered, it appears that not giving digitalis, but the “ severity of the 
disease” was the factor which decided the outcome. The action 
of digitalis is, in short, regarded as having no necessary influence 
on the processes of lobar pneumonia 'per se. When the inference 
that giving digitalis is harmful,--^ except perhaps in cases of auricular 
fibrillation, is compared with the one drawn in tliis study, it is 
suggested that the difference may be due to the difference in the 
methods of analysis employed. Attention is drawn to the fact that, 
in an unweighted analysis, so slight a difference, in a relatively'' small 
series, between treated and untreated patients as 7.7%, should 
have been found,^’® Finally, the effort has been made to ascertain 
whether digitalis is useful in auricular fibrillation or auricular 
flutter in which the action of digitalis may be expected to be bene- 
ficial; it appears that in those cases in which the outcome depends 
on safeguarding patients from the unfavorable effects of the rapid 
rate in auricular fibrillation and auricular flutter the administration 
of digitalis may be life saving. 

Digitalis should not be regarded as an agent necessarily having 
an influence on the natural history of the pneumonic or pneumo- 
coccic infection. 

Conclusions. 1. Giving digitalis does not seem to influence the 
course of events in lobar pneumonia. 

2. Its action, in favorable cases, in which auricular fibrillation 
and auricular flutter occur, appears to be beneficial. 

3. The outcome in lobar pneumonia depends on the “severity 
of the disease,” which in turn depends especially on the presence 
of bacteriemia, the number of pulmonary lobes involved, and the 
existence of complications. 

4. It is not certain whether the action of digitalis precipitates 
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tlie occurrence of auricular fibrillation. If it does so, the number 
of cases is small, especially in the earlier decades. 

5. The proximity of death does not determine the onset of auricu- 
lar fibrillation. Even when it was present, it ceased in 10 of 18 cases 
before exitus. 

6. Heart block did not occur during the febrile period of lobar 
pneumonia except in those cases to which a sufficient amount of 
digitalis was given to bring it about. 
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PNEUMONIA IN UNDULANT FEVER. 

A Report op Three Cases. 

By Richard M. Johnson, M.D., 

INSTRUCTOR, DEPARTMENT OF MEDICINE, UNIVERSITY HOSPITAL, 
MINNEAPOLIS, MINN. 

(From the Department of Medicine, University Hospital.) 

Undulant fever, like other generalized infections, may manifest 
itself as a localized diseased process in one or more of tlm various 
parts of the body. The occurrence of arthritis, endocarditis, bron- 
chitis, nephritis, orchitis, peritonitis, meningitis and other localiza- 
tions during undulant fever have been reported as recent contribu- 
tions to the loiowledge of brucelliasis although they have been 
described many years before chiefly by the British Army Surgeons 
in hlalta. Pneumonia occurring during the disease has been only 
briefly referred to since the recognition of brucelliasis in the United 
States. 

FionentinP isolated brucella from the sputum of a case of Malta 
fever with pneumonia, and brucella were also isolated from the pus 
of a case of empyema. Eyre^ in discussing 1000 cases of Malta fever 
due to the caprine variety of brucella noted the occasional occurrence' 
of pneumonia and suggested that the pulmonary lesions "were specific 
in nature. Vanni^ described pneumonia produced in the guinea-pig 
by the inoculation of brucella and stated that grossly the lesions 
could not be distinguished from pulmonary tuberculosis at necropsy 
and described cases of undulant fever in men 'with bilateral apical 
infiltration similar to those of tuberculosis. All of these studies 
concerned the caprine variety of brucella. 

Reports of pulmonary lesions occurring in patients infected ■with 
'the bovine or porcine strains are rare and incomplete. Hardy'^ 
reported bronchitis in one-third of his cases and suggested that it 
was probably due to brucella. Pulmonary abscess occurred in one 
of his fatal cases. He also observed pulmonary lesions of a broncho- 
pneumonic character in a high percentage of inoculated guinea-pigs 
and suggested that similar lesions may occur in man. Curschmann,^ 
Kristensen and Holm,® Attinger® and others report cases of undulant 
fever in senile patients terminating with bronchopneumonia prob- 
ably due to other organisms which are common invaders in debilitat- 
ing diseases of the aged. Bjurstrom® reported a case of brucelliasis 
with bilateral bronchopneumonia and a pleural effusion from which 
brucella were isolated. The course of the disease and the character of 
the pulmonary lesions in Bjurstrbm’s case is very similar to the 
cases reported in this article. Puech and VidaP isolated a brucella- 
like organism from the pleural fluid obtained from a case of undulant 
fever. 
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Because of the clinical similarities and frequent diagnostic diffi- 
culties arising between imdiilant fever, pulmonary tuberculosis and 
other lung diseases, it is especiallj'- important to recognize that 
pulmonary involvement occurs in certain cases of the former dis- 
ease. The cases in this report were originallj’’ considered as cases of 
pneumonia rather than undulant fever because of the predominance 
of pulmonary signs and sjmiptoms. 

Case Reports. Case 1. — R. T,, a laborer, aged 55, began to notice 
marked fatigue about February 1, 1931, followed soon by chills, feverislmess 
and drenching sweats. There were also severe joint pains, muscle soreness, 
backache and severe headache. The symptoms prevented the patient 
from working and at inter\'’als necessitated bedrest for 2 or 3 days at a time. 
On April 12, he experienced severe laneinatmg pain in the lower left side 
of the chest aggravated by deep breathing and coughing. The cough soon 
became productive and as much as 8 ounces of serous mucoid sputum was 
raised daily. The development of pulmonary symptoms caused him to be 
sent to the hospital as a case of pneumonia on April 23. 

On examination the patient was hushed, coughed frequently but appeared 
to be quite comfortable. There was slight C 3 ^anosis of the oral mucosa and 
finger nails. The expansion of the left lower side of the chest was diminished 
and posteriorly over this area there was a moderate impairment of reson- 
ance, increased tactile and vocal fremitus, high pitched breath sounds and 
an occasional coarse rale. The spleen was palpable. 

Laboratory Data: Hemoglobin 78% (Sahli); 4,500,000 erythrocytes; 
6000 leukocytes per c.mm., 70% of wliich were granulocytes and 28% 
lymphocytes. Several urine analyses were normal. The blood Wassermann 
reaction was negative. Agglutination tests on the serum showed complete 
agglutination of the brucella abortus antigen in a dilution of 1 to 160. 
Repeated examinations of the sputum for B. tuberculosis were negative. 

Roentgen ray plates of the chest showed a diffuse increase of the broncho- 
vascular markings and a triangular shaped area of diffuse haziness in the 
parenchyma of the left lower lobe near the peripherj’^ suggesting a chronic 
pulmonary fibrosis or a slowly resolving pneumonia. The temperature 
curve showed a daily afternoon elevation to around 38.9° C. (102° F.) 
associated with drencliing sweats and chills or dully sensations. The fever 
and the S 3 mptoms gradually subsided after 1 month of bedrest. The 
patient was discharged on May 30, afebrile, but with the signs of a slowly 
resolving parenchymal pneumonic lesion 7 weeks after its onset. Examina- 
tion 6 weeks later, 13 weeks after the onset, showed that the lesion had 
entirely disappeared. 

Case 2.— J. J., a farmer, aged 41. Prior to the spring of 1932, 3 cows 
in his herd aborted. The patient drank as much as 1 gallon of raw milk 
from his herd dailJ^ He became ill in August, 1933 and first noted malaise 
and disinclination for his usual work. After short rest period he felt fit 
again. During September, 1933 the patient became more fatigued and 
began to experience severe aches and lameness throughout the various 
muscles and joints. About September 24, while w'orkmg in the field, he 
developed a chiU wliich lasted .several minutes. He w^ent to bed, began to 
feel hot, and perspired so profusely that his bedding became wet. There 
was severe occipital headache. After 1 day he left Ms bed to oversee the 
farmwork but that evening again developed cMlls, fever and sweating. 
The aching of the joints became more severe. About October 8, following 
one of the chills, he developed a severe sharp pain in the right side of the 
chest aggravated bj' inspiration. He then developed a cough and raised a 




Fig. 1. — Case 2, taken 2.3 days after onset of pulmonary symptoms when lesion 
was most e.xtensive, showing an area of diffuse density in the medial inferior portion 
of the right lung. 



Fig. 2. Case 3, taken 14 days after onset of pulmonary symptoms showing maxi- 
mum involvement of lower portion of right upper lobe. 



Fig. 3. — Case 3, taken 1 month after Fig. 2 showing some residue in lower portion of 

right upper lobe. 
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considerable amount of seromucoid sputum which later contained sonae 
bright red blood. The patient was hospitalized as a case of pneumonia 
on October 22. There was a iveight loss of 30 pounds. • xr 

Physical l^xaniination: He was flushed and only slightly toxic. He 
appeared to be quite comfortable in spite of a fever of 40° C. (104 F.) and 
a respiratory rate of 26 per minute. The tongue was coated and moderately 
dry. There was impaired resonance, increased tactile and vocal fremitus, 
high pitched breath sounds and occasional rales over the posterior portion 
of the right lower lobe of the lung. The spleen was not palpable. 

Lahoratonj Data: Hemoglobin 87%, 5,250,000 erjdlirocytes and 6000 
leukocytes, 46% of which were tymphocytes. Urine normal; blood Was- 
sermann test negative.- Tlie sputum was mucoid, tenacious and often con- 
tained bright red blood. On repeated examinations no tubercle bacilli 
were found. White mice and guinea pigs failed to become infected with 
pneumococci or brucella following injection with siiutum. Agglutination 
tests for brucella abortus showed complete agglutination in dilution of 
1 to 2560 and partial in 1 to 5120. The Mantoux sldn test was negative and 
skin tests ivith heat killed bruceUa gave a moderately positive reaction. 
Three blood cultures were negative. A Roentgen ray plate of chest taken 
October 31, 1933 (Fig. 1) showed a diffuse increase of bronchiovascular 
markings suggesting a chronic non-tuberculous lung infection and a diffuse 
density in the medial inferior portion of the right lung suggestive of an 
unresolved pneumonia. Later roentgenograms showed some extension of 
the' lesion but no change in its chamcter. 

Although fever was present each flaji- it graduall}'' diminished, and the 
patient improved slowly. By December 15, 15 weeks after the onset of his 
illness and 10 weeks after the development of the pulmonary symptoms, 
the patient had become afebrile and was discharged with some residual 
pulmonary infiltration in the right lower lobe. A Roentgen ray plate taken 
4 weeks later showed that resolution had occurred. 


Case 3.— E. M., male, aged 61, a caretaker pf small animals experimen- 
tally infected wdth undulant fever, complained of generalized aches and 
pains on October 27, 1933. November 1, he developed spells of weakness, 
headache, vertigo and profuse drenching night sweats and noticed some 
cough which produced a seromucoid sputum. These symptoms continued 
to come on in the late afternoon and evening. About December 1 he 
thought he was catching cold and felt worse. December 8 he felt hot and 
had sharp lancinating pain in the upper part of the right side of the chest 
uith backache and headache. He continued to have fever and drenching 
sweats but no chills. He was forced to stop working on December 9. He 
reported to the Dispensary December 12 where his chest was examined but 
no abnormal findings were recorded. A Roentgen ray picture taken at that 
time showed a small area of increased density in lower portion of the right 
^per lobe. A lateral chest plate showed this lesion to be centrally placed. 
He was admitted to the hospital as a case of pneumonia on December 13. 
In spite of a temperature of 39.2° C. (102.5° F.) the patient did not appear 
very lU. . 


Physical Examination: Several small cervical nodes were found. A few 
rales were heard at the level of the eighth spine posteriorly and about 2 
inches to the right of the spine. The spleen W'as palpable, the heart showed 
ventricular hypertrophy. Blood pressure 190/96. Temperature 
\ respiration rate 24. 

Laboratory Data: The urine was negative on several occasions. Hemo- 
globin 78%, erythrocyte count 3,500,000, leukocyte count 8170 with a 
normal differential cell count. Agglutination test for Brucella abortus was 
complete m a dilution of 1 to 160. Blood cultures were negative. Wasser- 
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mann reactions were negative. Skin test with heat kiUecl l)rucclla gave an 
elevated indurated reddened area 1.5 cm. in diameter after 48 hours. Guinea 
pigs inoculated with sputum were negative. 

While the patient was in the hospital the fever varied from 37.78° C. 
(100° F.) to 39.7° C. (103.4° F.) with an afternoon rise for 6 days, then 
slowly decreased followed bj'’ several exacerbations of above 37.78° C. 
(100° F.) for a period of about 2 months. The leukocytes count remained 
normal throughout the illness. Eoentgen raj" plates of the chest taken 
December 22, (Fig. 2) showed an increase in the size of the haziness pre- 
viously noted during the first week. The shadow remained constant for 
about 2 months and slowly subsided. On January 20, 1934, there was still 
some residue of the pneumonic lesion, 17 weeks after its onset (Fig. 3). 
The patient was discharged on January 20, with a small residue of the pul- 
monar 3 '' lesion and an occasional afternoon fever until February 1. A' 
Roentgen ray plate taken March 2, showed the pulmonary lesions had 
entirely disappeared 4 months after the onset of the pulmonary symptoms. 

Comment. These cases of undulant fever, each regarded as 
pneumonia when first seen, illustrate the error of focusing the atten- 
tion to signs and symptoms confined to the lungs. .Careful history, 
physical examination and laboratory studies revealed the pulmonary 
lesion to be merely part of the general infection. The 3 cases had 
several features in common, namely, a period of several weeks of 
mild illness before the onset of pneumonic symptoms, none were very 
ill at any time, not as ill as one would expect with pneumonia due 
to other organisms. The pulmonary lesions in each were atypical, 
according to physical signs and Roentgen ray studies and required 
from 13 to 17 weeks for complete clearing. In all cases an attempt 
should be made to determine whether the pneumonia is due to the 
brucella or to the more commonly encountered organisms which 
invade individuals whose resistance has been reduced by the disease 
in question. This is often impossible to decide unless there occiirs 
opportunity for lung puncture or necropsy study. Bacteriologic 
proof of the specificity of the pneumonia was not possible in our 
cases since all patients recovered and brucella were not cultured 
from the sputum. The pneumonia was considered as probably due 
to brucella. 
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VALUE OF SERIAL ELECTROCARDIOGRAMS IN CORONARY 

THROMBOSIS.* 

By Harry A. Richter, M.D., 

CLINICAL ASSISTANT IN SIEDICINE, HUSH MEDICAL COLLEGE OP UNIVERSITY OP 
CHICAGO, CHICAGO, ILL. 

The not infrequent failure of a single electrocardiogram to show 
coronary thrombosis in cases having a history of a prolonged anginal 
syndrome, with dyspnea, epigastric distress, fall in blood pressure, 
fever, leukocytosis, perhaps pericardial friction and even positive 
autopsy findings, has unfortunately detracted from the true value 
of this method of examination,* - 





Series ‘‘A,” No. 1. Twelve hours after onset of typical symptoms of coronary 
thrombosis, illustrating the cove-shaped Ti with reciprocal Ts and prominent P 2 . 
Lead No. 1 — between right and left arms; Lead No. 2 — between right arm and left 
leg; Lead No, 3 — ^between left arm and left leg. 

Since a^ coronary accident gives rise to a series of variable changes 
in each individual heart, depending largely upon the degree of 
collateral circulation, the location and size of the occluded vessel 
and other factors whose relationship is less well understood, such 

before the ISth Annual Clinical Session of the American College of 
Physicians, in Chicago, April 16, 1934. 
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as the chemical and physical reactions of the blood and tissues, the 
platelet count, and so forth, so the electrocardiographic ciu’ves in 
turn show considerable diversification.^- ® "^^dien a large vessel is 
suddenly obstructed, vdth insufficient collateral circulation, we may 
e.xpect an early injur.y current, shovung one of the forms of the 
characteristic coronary emves. In other instances, where a tiny 
tvdg is occluded, with a good collateral circulation, the patient may 
experience a prolonged anginal syndrome vuthout showing any 
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No. 2. No. 3. 

Series "A,” No. 2. Two d.ays folIoTOnp; “A’T, showing the elev.ateci R~Ti .md 2 
with prominent P 2 , and lowered voltage. Load No. 1 — between right and left amis; 
Load No. 2 — between right arm and left leg; Lead No. 3 — between left arm .and 
left log. 

Series "A,” No. 3. Twenty-six days follon-ing “A”2, showing marked decrease 
in voltage, with inverted 7'i. Lead No. 1 — between right and left arms; Lead No. 2 — 
between right arm and left leg; Lead No. 3 — between left arm and left log. 


variation in the electrocardiogram, "^^ffiere a gradual thrombosis 
takes place, correspondingly gradual changes in the electrocardio- 
graphic records may be found, or there may be no change until the 
occlusion is complete, thereby giving only late variations, the char- 
acteristic cunTS being delayed for a week or more. In others, 
where the initial insult has been the occlusion of a small branch, 
with good collateral circulation, a positive curve may appear early 
and rapidly revert to normal limits. Should some of the collateral 
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circulation in turn be occluded, the characteristic positive form 
may again become manifest. 

Priest and Saphir have demonstrated the autopsy finchngs of 
patients who have had coronary thrombosis without infarction who 
later developed infarction in the area supplied by ^ the original 
occluded vessel following thrombosis of vessels supplying collateral 
circulation to this part.® As pointed out by Willius/- ’’ and Fowler 







No. 4. No. 5. 

Series “A," No. 4. Fourteen days after “A”.3 — a further decrease in voltage, with 
prominent Pi persisting. Lead No. 1 — between right and left arms; Lead No. 2— 
between right arm and left leg; Lead No. 3 — between left arm and left leg. 

Series "A,” No. 6. Eleven days following “A”4, demonstrating an increase in 
voltage, with recovery. (The Series “A” demonstrating the changing EKG of cor- 
onary thrombosis.) Lead No. 1 — between right and loft arms; Lead No. 2 — between 
right arm and left log; Lead No. 3 — between left arm and left leg. 


and Smith,® the attack may consist of a series of coronary throm- 
boses. 

And so, many conditions may alter the simple sequel® of an 
obstructed coronary vessel, at times gndng electrical potentials 
res^ting in unusual and atypical curves. The most conclusive * 
evidence is obtained by revienung a series of electrocardiograms, 
keeping a Avatchful eye for the characteristic changes of coronary 
turombosis. Th6se signs are now well known and comprise t 
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(a) The elevation and depression of the R-T intervals, vith at 
times reciprocal changes in Leads I and III.®- “ 

(b) Cove-shaped Pardee T wavesd^ with later inversion of the 
terminal portion and conversely the sharply upright T wave the 
exact opposite of the ‘'Pardee-wave,” ^th elevation of the R~T 
interval, as described by Bohning and Katzd® 

(c) The low voltage of the Q-R-S complexes, as emphasized by 
"White^® and Wearnd^ 





Series “B,” No. 1. Illustrating the high take-off of T: and s, three hours 'after the 
onset of a coronary accident. Lead No. 1— between right and left arms; Lend 
No. 2— between, right arm and left leg; Lead No. 3— between left arm and left leg. 

Series “B,” No. 2. Twenty-four hours later, showing a decrease in the height of 
the T take-off in Leads II and III, with a flattening of Ts and terminal inversion of 
T}. Lead No. 1 — between right and left arms; Lead No. 2 — between right arm and 

left leg; Lead No. 3 — between left arm and left leg. 

% 


(d) The deep Qs follovang the criteria of Pardee.’® 

(e) Prominent and Qn, described by Wilson and others.’® 

(f) The upright or diphasic T waves in the chest leads, with 
displaced R-T intervals, according to Wood ct 

(g) Prominent P waves of Masters,’® and 

(ft) Equally important and more constant than all the foregoing 
findings, variations in the serial curves themselves, as emphasized 
by Herrick,^ Cooksey and Freund,® Oille,’® and others.®” 
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Hurxthal reports a case in which Ti was inverted 6 days before 
the attack and became upright 1 hour after the accidents 
In reviewing a series of 72 cases where serial curves were obtained 
only 2 failed to show significant changes.* One occurred in a physi- 
cian of 35 with typical history and findings, including pericardial 
friction, fever, leukocytosis, with prostration and stenocardia at the 







Series "B,” No. 3. Forty-eight hours following B 2, showing a further inversion 
of Tj, with R-Ti and 3 approaching the isoelectric line. Lead No. 1 — between right 
and left arms; Lead No. 2 — between right arm and left leg; Lead No. 3 — between 
left arm and left leg. 

Series “B,” No. 4. Ten days after Bs. showing deep inversion of T 2 and 3, with 
slight elevation of R-T-i and 3. (Series “B” illustrating the changing EKG of cor- 
onary thrombosis.) Lead No. 1 — between right and left arms; Lead No. 2 — between 
right arm and left leg; Lead No. 3 — between left arm and left leg. 

onset. The other was in a physician in the sixties, who showed only 
a slight flattening of the T wave. A series of 6 serial curves were 
obtained in the first case, over a period of 3 months, and a series 
of 7 in the second case, over a period of a year. So, at times, con- 
firmatory evidence may be seen in a normal curve where the T wave 
was pre^^ousIy inverted, or there may be only a flattening or 
inversion of a previously upright T wave. Six cases of the present 
series vfith 3 or tnore serial records displayed a slight inversion of 

* Records of St. Francis Hospital (Evanston), Evanston Hospital, Swedish 
Covenant Hospital, Chicago, and private patients* 
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'Ti, or Ti and Tn, occurring from tlie lOtli to the ISth day; 3 sliowed 
changing arrln’thniias, \^■ith no characteristic alteration in the 
T waves or R-T inter^'als. 

Cooksey and Freund have studied 24 cases with serial curves, 
shoving 100% positive findings.* 

Pardee"^ reports 25 cases at tlie New York Hospital which had 
almost daily records, showing positive findings in at least one record 
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No. 1. No. 2. 

Series “C,” No. 1. Forty-eight hours following a coronarj' accident, showing 
prominent Qi and wath cove-shaped Tt, slightly increased R~Ti, and Ti reciprocal 
of Ti. Lead No. 1 — between right and ieft arms; Lead No. 2 — between right arm 
and left leg; Lead No. 3 — between left arm and left leg. 

Series “C,” No. 2. Twenty days after “C'l, showing marked inversion of Ti 
with reciprocal upright Ts, inversion of T:, and decreased voltage of Q-B~S, all 
leads. Lead No. 1 — between right and left arms; Lead No. 2 — between right arm 
and left leg; Lead No. 3 — between left arm and left leg. 


in all the patients. Oille retuewed 200 cases from tlie records of 
Toronto General Hospital in which only 2 or possibly 3 showed no 
significant signs. He cites 2 cases which showed significant changes 
2 days before the pain and clinical onset.** Kelly also noted a case 
at Cook Coimty Hospital where a routine electrocardiogram was 
taken, showing positive signs of coronary occlusion, with the clinical 
attack of pain, cardiac failure, fever and leukocytosis occiuring 
24 hours later.** 
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Coronary occlusion curves may be simulated those found in 
other conditions, such as chronic valvular disease, active rheumatic 
infection,^^ influenza,^® diphtheria,^ pneumonia, h.^Tierthyroidism, 
pericarditis with effusion, m’emia, and certain drug poisonings, such 
as digitalis,^® quinidin and emetin. The hearts of athletes, probably 
hypertrophied, but usually showing teleradiograms Avithin normal 
limits, occasionally giAm suggestive elcA'-ations and depressions of 



Senes “C,” No. 4. Twenty days following “C”3, showing increased voltage, wdth 
Yi approaching the isoelectric line. Lead No. 1 — between right and left arms; 
Lead No. 2— between right arm and left leg; Lead No. 3 — betw'een left arm and 
left leg. 

Series “ C,” No. 5. Forty-eight days following “C”4, showing practically isoelectric 
Ti and decrease in the voltage of the upright Ti. (Series “C" illustrating the changing 
BKG of coronary thrombosis.) Lead No. 1— between right and left arms; Lead 
No. 2— between right arm and left leg; Lead No. 3— between left arm and left leg. 

the R-T intervals resembling one of the forms seen in coronary 
thrombosis. Some of the coronary forms haA^e been simulated by 
placing the patient AATth a normal heart in unusual positions.^^ 
Serial curves in corona,ry thrombosis AAnll rule out simulating curves 
of other condit,ions which are constant in form, such as those of 
chronic valvular disease, the .hypertrophied liearts of athletes, 
chrome coronary disease (as the curAms in coronary sclerosis), and 
m some cases of thjToid disease, as in the case of Dr.' C., AA^ho showed 
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a persistent bundle-brancli block for 2 years, returning to normal 
following the removal of a substernal thyroid tumor. In the case 
of active infection and drug intoxication where serial curves may 
show change from day to day, the findings in the coronary waves 



No. 1. No. 2. 

Series “E,” No. 1. Twelve hours after onset of thrombosis, showng ventricular 
tachycardia. 

Series “E,” No. 2. Three days following heavy quinidin therapy, showing 

low voltage; nodal estrasystole Lead II, increased R-T 3 and sharply upright T*. 


are usually more characteristic and very infrequently lead to a 
faulty diagnosis. Careful correlation of the electrocardiogram with 
the clinical history and findings is, of course, always advisable and 
often essential. 



RICHTER : ELECTROCARDIOGRAMS IN CORONARY THROMBOSIS 495 

The more frequently electroeardiograms are taken the more evi- 
dence will be obtained. From a practical standpoint it is desirable 
to obtain the information early and take the mimmum number ot 
records; it is suggested, therefore, that a curve be taken as soon 
after the accident as possible, followed by another the following 






Series “E,” No. 4. Showing inverted T%, isoelectric with, upright T\ reciprocal 
of Tz. (The series "E” demonstrating the changing EEG of coronary thrombosis.) 

In Series “E,” Lead IV is taken through chest with right arm electrode anterior 
over cardiac apex and left arm electrode posterior between angle of scapula and 
vertebral column. 


day, with a third curve 48 hours after the second, and further 
curves, if necessary, at weekly intervals for a month or longer. If 
these serial records are obtained the accuracy of the electrocardio- 
graphic examination in coronary thrombosis will closely approach 
that of the Wassermann and Kahn tests in syphilis. 
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Summary and Conclusions. An attempt has been made to show 
the value of serial curves in the diagnosis of coronary tlirombosis, 

1. It is possible for single records to be taken at times when 
characteristic signs of coronary thrombosis are absent. 

2. The serial records are usually characteristic and rule out those 
conditions simulating coronary occlusion curves in a single record, 
such as seen in chronic valvular disease, hypertrophied hearts of 
athletes, and those of chronic coronary disease. 

3. The serial curves of acute infectious diseases usually are not 
characteristic enough to confuse the diagnosis. In an occasional 
case it may be necessary to rely upon the correlation of the clinical 
history and findings vdth the electrocardiogram. 

4. The time of taking these curves for practical purposes has 
been suggested, i. e., as soon as possible after the accident; then, the 
next day; 48 hours after the second; and, if necessary, at weeldy 
intervals for a month or longer. 

5. It may be tliat chest leads will further increase the accuracy 
of serial curves. In our experience the fourth lead has been more 
sensitive to digitalis than the conventional leads. 

6. In 72 cases of coronary thrombosis where serial curves were 
taken only 2 failed to show significant changes. 

7. Serial curves of 4 cases are shown. 
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OBSERVATIONS ON THE EFFECT OF AN ARTERIOVENOUS 
FISTULA ON THE HUMAN CIRCULATION. 

By L. B. Laplace, M.D., 
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medicine, PHILADELPHIA, PA. 

(From the Department of Physiology, University of Pennsylvania, and the Phila- 
delphia General Hospital, Medical Service of Dr. R. G. Torrey.) 


An arteriovenous fistula causes profound changes in the circula- 
tion. The condition is not uncommon and its clinical characteristics 
are now well recognized. Adequate study, however, has been 
limited to relatively few cases and for that reason the mechanism 
of many of its effects is still controversial. Fm’ther investigation 
may be expected not only to clarify the phenomena associated with 
arteriovenous communications, but also to throw light upon related 
conditions in the cardiovascular system. The following observa- 
tions are therefore reported which were made upon a case exhibiting 
the characteristic effects of a traumatic fistula between the left 
femoral artery and vein. 

Nicoladonfi’' in 1785 first described the fact that occlusion of an 
arteriovenous fistula by digital compression is followed by a marked 
slowing of the pulse rate, the so-called bra dy cardiac reaction or 
Branham’s sign.-® Subsequent studies have shown that this is 
associated with a rise of arterial blood pressm’e upon which it is 
believed to depend. Other effects of such a fistula include an in- 
crease in the total blood volume, a decrease in the systemic capil- 
lary blood flow, generalized arteriolar dilatation and many of the 
peripheral signs of aortic regurgitation. The effect on the heart 
itself is the production in the majority of cases of a striking degree 
of enlargement. Progressive circulatory insufficiency is the rule 
in the presence of a fistula of significant size involving a large 
artery. 

In the treatment of aortic aneurysm, end-to-end anastomoses 
have been established between artery and vein apparentlj^ without 
untoward effect.L26 Since the present case exhibited a fistula of the 
lateral tjq)e, the conclusions reached in this study do not neces- 
sarily apply entirely to other forms of arteriovenous communica- 
tions, either surgical or congenital.-® 


Case Report. D. W., a colored male, aged 35, and a laborer by occupa- 
tion, was_ admitted to the Philadelphia General Hospital on June 4 1934 
complaining of shortness of breath and swelling of the legs. He stated 
that he had beep in good health until 5 months previous, at which time 
had been accidentally shot, a 0.38-caliber bullet entering his left groin. 
He remained for 8 days in a local hospital during which time his left leg 
became swollen. On returning home he first noticed a buzzing sensation 
beneath the site of injury. He returned to work, but found that both 
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legs then began to swell. He was short of breath and fatigued by slight 
effort. The .sjnnptoms graduall 5 '- increased in severity and were accom- 
panied by .attacks of faintness, palpitation and precordial pain. He 
became unable to sleep in a recumbent posture and awoke to urinate several 
times nightly. Occasionallj' the urine appeared red. Eest at first caused 
subsidence of the swelling and dyspnea, but the sjouptorns ultimately 
became so severe that he w'as forced to give up his work and come to the 
hospital. The patient was married, had no children and indulged in 
alcohol to excess. The familj’^ historj’^ was negative for cardiovascular 
renal disease and the past medical historj^ was irrelevant. 

Physical examinalion revealed a well-developed colored male with marked 
edema of both legs. The temperature was 99°, respiratory rate 20, pulse 
rate 80 and blood pressure 140/80. Cyanosis was not e\ddent. The ten- 
don and pupillarj' reflexes were normal. The head showed no significant 
abnormality. Examination of the lungs showed exndence of passive con- 
gestion. The heart was greatl}'^ enlarged to percussion, the borders being 
14 cm. to the left of the midline, and 5 cm. to the right. The rhjdlim was 
regidar, the sounds clear and no murmurs were heard. The liver was 
slightly enlarged. There was no definite ascites. In the left groin there 
was a scar of a bullet wound, and over the upper femoral sheath a pulsating 
mass about the size of a walnut could be felt. Over the mass there was a 
well-marked systolic tliriU and a bruit which was continuous but louder 
during sj'stole and transmitted dovm the leg. Both legs were cold and 
exhibited pitting edema, more marked on the left side which also had a 
somewhat darker color. The radial arteries were not sclerosed. The 
pulses were full and equal and there was slight capillarj’^ pulsation visible 
beneath the fingernails. 

Firm digital pressure on the mass in the left groin caused a disappearance 
of the bruit, a rise of blood pressure from 140/80 to 170/120 and a slowing 
of the pulse rate from 80 to 50. 

Blood count showed 100% Hb., 5,000,000 R. B. C. and 5000 W. B. G. 
Urinalj^sis and blood chemisti^'’ were normal. Blood and spinal fluid 
Wassermann tests were negative. Teleroentgenogram showed marked 
passive congestion of both lungs and a greatlj' enlarged heart, the trans- 
verse diameter being 19.5 cm. to a chest diameter of 30 cm. (Fig. la). 

Diagnosis. Traumatic arteriovenous aneurj^sm of the left femoral 
arterj’^ and vein vith secondar}’’ cardiac dilatation and congestive failure. 

Coarse. The patient was confined to bed vith no essential medication 
from June 4 to June 14 and thereafter allowed up at will until operation, 
on July 13. On June 26, fluoroscopic examination showed that the trans- 
verse diameter of the heart was reduced to 16.4 cm., which value was found 
again on Julj'^ 6. The edema of the legs persisted, especially on the affected 
side, but was much reduced. It was maximal in the evening and tended 
to subside with rest in bed. 

Operation was performed on July 13, by Dr. P. A. MeCa^th 3 ^ Under 
N«0-ether anesthesia, an incision was made exposing the left common iliac 
arterj'' and vein and the deep and superficial femoral vessels. Tlie aneui 3 ’'sm 
was enveloped in dense scar tissue, measured approximate!}' 14 bj' f in., and 
involved the common femoral vein with a fistula from the conomon femoral 
arterj'. IVith hemostasis obtained bj' tapes about the common iliac and 
femoral arteries and veins, the aneurj'sm was cut free from the artei}' to 
wliich it was attaclied for a distance of about 1 in. The fistula so disclosed 
measured { in. in diameter. The openings in the artery and vein were 
closed bj' suture with fine silk. Removal of the tapes showed free blood 
flow, although the peripheral segment of the arteiy appeared much con- 
tracted. A laj'er of fascia was inserted between the artery and vein and 
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the wound closed. Pulsation in both the femoral and dorsalis pedis arteries 

was palpable. . . • re i, j i 

Further Course. Except for occasional vague pains in the attected leg, 
there were no postoperative complications. The pulse rate remained 
between 70 and 100 for the first 3 days and thereafter between 60 and 80. 
The edema disappeared entirely from both legs. Teleroentgenogram, on 
August 2, showed the complete disappearance of pulmonary congestion 
and the transverse diameter of the heart was reduced to 12.5 cm., a value 
well within normal range. , 

The patient was discharged on August 6._ From that time until his last 
visit, on September 18, he had no complaints other than a sensation of 
warmth and occasional numbness in the affected leg. The heart size re- 
mained unchanged to fluoroscopic examination. There was, however, a 
slight pitting edema of the affected leg where pulsation was no longer 
palpable in the femoral and dorsalis pedis arteries. The resting blood 
.pressure in the arm was 130/84, with a pulse rate of 70. In the right leg 
the blood pressure was 150/80, iVith an oscillometric index of 3.5, but in 
the left leg the blood pressure was 85/50, with an oscillometric index of 1.5. 
The patient had resumed his work as a laborer. 

Results. The patient was studied, over a period of 6 weeks 
before and 8 weeks after operation. The following observations 
were made. 

Arterial Blood Pressure. Many determinations of the resting 
but non-basal arterial tension measured by the usual auscultatory 
method gave values of 140 to 156 mm. Hg. for systolic pressure and 
77 to 96 for diastolic pressure. Digital compression of the aneurysm 
sufficient to cause disappearance of the bruit produced a consistent 
rise of both the systolic, and diastolic levels, the former to pressures 
between 150 and 190 and the latter between 115 and 130 mm. Hg. 
After operation systolic pressure averaged 110 to 140 and diastolic 
pressure 70 to 84 mm. Hg. The arterial pressure under basal con- 
ditions showed less variation, the mean values being 126/62 with 
the fistula open, 127/81 wnth the fistula occluded and 119/78 after 
operation. 

The effect of an arterial leak Avith diminution of the- peripheral 
resistance is to cause a lowering of blood pressure, most marked in 
diastole. In the present case, however, the non-basal blood pressure 
Avas usually higher with the fistula open than after operatiA^e closure. 
Under basal conditions the Ioav diastolic leA’-el AA'^as partly compen- 
sated by an increased pulse pressure. This fact is of importance 
since a diminished coronary blood floAV in arteriovenous fistula has 
been attributed to a low perfusion pressure in the aorta.^s Actually 
the mean pressure remained well AAUthin what are considered to be 
the normal physiologic limits. As to the sudden rise of blood pres- 
sure on digital occlusion of the fistula there is no reason to suppose 
that it is other than a purely hemodynamic effect of an increased 
peripheral resistance. 

The use of an optical oscillometer permitted the estimation of 
both end and lateral pressures.^ These determinations As^ere made 
under basal conditions. The average difference betAA'een end and 
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lateral pressm-e in diastole did not exceed 5 mm. Hg. and Avas rela- 
tiA^ely negligible. The systolic end pressure, hoAA'ever, exceeded the 
corresponding lateral pressure by 17 mm. Hg. On occlusion of the 
fistula, both by compression and operation, this difference A\-as 
reduced to 8 mm. Hg. or one-half of its former A^alue. The phe- 
nomenon is attributable to the increase in velocity of systolic expul- 
sion in the presence of an arterial leak. It is similar in cause to the 
relatively greater difference betAimen end and lateral pressme found 
in the presence of aortic insufficiency where an increased proportion 
of the arterial pressure takes the form of kinetic energy.- The degree 
of increase in the difference between end and lateral blood pressure 
due to arteriovenous fistula is particularly interesting since it is 
on account of this lowering of the lateral pressure that surgical 
arteriovenous anastomosis has been used in the treatment of aortic 
aneurysm. 

A few measurements of blood pressure were made on the femoral 
artery under non-basal conditions. On the normal leg tlie aA^erage 
pressure with the fistula open was 224/llS, increasing to 300/170 
when the fistula was compressed. In the artery beloAv the fistula, 
the systolic pressure rose from 193 with the fistula open to 230 on 
compression. After operation, blood pressure in the normal leg 
approximated the brachial value at 155/80 while in the operated 
leg, due probably to the narrowing of the sutured artery, the pres- 
sure measured only 85/50. 

Pulse Pate. The bradycardiac reaction, consisting of sloAAing of 
the pulse rate on compression of an arteriovenous fistula, was well 
exhibited. The aA'erage pulse rate Avas 70 to 100 per minute with 
the fistula open. Digital compression of the fistula caused a slowing 
of the rate to 48 to GO with a prompt return to the former values 
when the pressiue was withdrawn. The pulse rate after operation 
was significantly slower and averaged betAveen 52 and 84. 

The bradycardiac reaction may be completely abolished by full 
doses of atropin,^® a procedure which aa-rs not attempted in this 
case because of the adA'anced degree of circulatory insufficiency. 
On account of the effect of atropin, the sloAAdng of the pulse rate on 
occlusion of the fistula is belicA'ed to be dependent upon the coin- 
cident rise in blood pressure.”-^® It is interesting to note, there- 
fore, that the degree of bradycardia is not ahA^ays proportional to 
the change in blood pressure. An example will suffice. On one 
occasion compression of the fistula caused a rise of blood pressure 
from 144/80 to 160/120 and the pulse rate slowed from SO to 50. 
With release of compression, blood pressure fell to its former IcA^el 
while the pulse rate increased to 84. On a second occasion compres- 
sion of the fistula caused a rise of blood pressure from 110/65 to 
only 125/82 while the pulse rate again fell from 82 to 50. On release 
of compression the systolic pressure remained unchanged Avhile 
the diastolic leA*el dropped onlj’’ 10 mm. Hg. to 72. EA-en this slight 
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change in blood pressure^ however, was accompanied by the nsual 
increase in pnlse rate from 54 to 82. In other words, equal degrees 
of change in pulse rate were associated with widely different degrees 
of change in blood pressure. Such evidence may be interpreted as 
indicating that the bradycardiac reaction does not depend exclu- 
sively upon the absolute height of the blood pressure, but is modified 
as well by other factors, including the cardiac output. 

Venous Pressure. The venous pressure was not determined on 
admission but the degree of pulmonary congestion and peripheral 
edema at that time indicate that it was probably above normal. 
Prior to operation when the signs of congestive failure had largely 
disappeared, measiuements of venous pressure were made by 
direct cannulation of the antecubital vein. Blood rose in an L tube 
to an average height of 75 mm. above the estimated heart level.® 
When the column of blood reached a constant level, digital com- 
pression of the fistula caused an average fall of 13 mm. After opera- 
tion, the venous pressure, similarly measured, averaged 55. mm. 
above heart lerml. 

It is often stated that the venous pressure is abnormally high 
in the presence of an arteriovenous fistula.^® Lewis and Drury 
believe that in the absence of congestive failure this is not neces- 
sarily or even customarily true.^® Observations on tlae present 
case indicate that the pressure in the peripheral veins was not above 
normal limits but was relatively increased by the fistula. It is 
questionable whether the observed pressure changes correspond 
exactly to changes in the right auricular pressure. If they do, the 
slightly higher value with the fistula open may depend upon an 
increase in the total venous return flow. On the other hand, the 
pressure in the brachial veins may not present quantitatively the 
values in other parts of the_ venous system. In any event, the altera- 
tion in venous pressure at the right auricle must have been rela- 
tively slight. 

Respiration. The average respiratory minute volume at rest 
was 7.8 liters with a respiratory rate of 18 per minute. On com- 
pression of the fistula, these values fell to 7.3 and 17 and after 
operation to 6 and 16 respectively. The increased respiration 
probably depends upon a slowing of cerebral blood flow, but the 
change is seldom conspicuous.^®”'* 

Skin Temperature. Estimations of shin temperature were made 
with a thermocouple and readings were obtained from the thigh, 
calf, dorsum of the foot and second toe of both legs. The average 
temperature was slightly higher in the leg having the aneiuysm 
than in the normal leg, a phenomenon previously recognized. 

On compression of the aneurysm for 10 minutes there was a rise of 
temperature in both legs which was greater on the normal side 
ihe maximum rise was 0.85° C. in the affected leg and 1 45° in the 
normal leg. 
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Changes in skin temperature are probably not directly propor- 
tional to changes in total blood flow, but the values obtained indi- 
cate at least that there was a definite increase in capillary circula- 
tion through both legs when the fistula was occluded. They confirm 
other evidence that in the presence of arteriovenous fistula, the 
blood flow may be considerably diminished even in regions distant 
from the lesion and even in the presence of a compensatory increase 
in cardiac output. 

Cardiac Outjnd. The cardiac output was measured under basal 
conditions by the modified ethyl iodid method-® and by the acetylene 
method. With the fistula open the minute volume averaged 5.15 
liters making a cardiac index of 2.64. A reduction of 20% occurred 
on compression of the fistula, the minute volume falling to 4.13 
liters and the cardiac index to 2.12. After operation the minute 
volume fell to 3.91 liters and the cardiac index to 2.02, making a 
total reduction of 24%. 

The output of the heart per beat (calculated from the minute 
volume) averaged 65.7 cc. at a pulse rate of 78. On compression 
of the fistula the output per beat increased to 75.8 cc. with slowing 
of the pulse rate to 53. After operation the average output per 
beat was 68.5 cc. at a pulse rate of 56. 

An increased minute volume in the presence of an arteriovenous 
fistula has been reported clinically®'^®--'* and in the experimental 
animal, a.*®'**'*® Although Lewis and Drury*® conclude that in arterio- 
venous fistula “the output of the heart does not appear to be usually 
altered,” the present case supports the clinical and experimental 
evidence that an increased minute volume is a compensatory 
mechanism of great constancy whenever the leak is of significant 
size and the heart is still sufficiently competent. The changes in 
stroke volume in clinical cases reported elsewhere in the literature 
are variable. In the case reported by Smith®'* there was a reduction 
of 65 % after operation, while Ellis and Weiss® found, as in the present 
case, very little change after operation but a significant increase 
as an immediate effect of occlusion. The increased minute volume 
appears, therefore, to depend largely upon an increased pulse rate 
rather than upon changes in stroke volume. 

Heart Size. Teleroentgenogram on admission showed an ad- 
vanced degree of pulmonary congestion and a hugely enlarged heart 
(Fig. la) the silhouette of which measured 194 sq. cm. with a trans- 
verse diameter of 19.5 cm. The heart to chest ratio was 65 %. Four 
weeks later, 10 days before operation, the area of the silhouette by 
orthodiagram had decreased to 141 sq. cm. and the transverse 
diameter to 16.4 cm. The patient had received no digitalis or other 
significant medication so that the change is presumably an effect 
of rest alone. Three weeks after operation the cardiac silhouette 
by orthodiagram measured 108 sq. cm. and the transverse diameter 
12. 0 cm. with a heart to chest ratio of 42% (Fig. 15). No fiu-ther 
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change has been noted on subsequent examinations. The total 
reduction of the cardiac silhouette and transverse diameter was 45 %. 

On fluoroscopic examination prior to operation it was found that 
digital occlusion of the fistula caused a decrease in size of the heart 
shadow from 141 sq. cm. to 126 sq. cm. and of the transverse diam- 
eter from 16.4 cm. to 15.2 cm. Other observers have reported 
either increase^ or decrease^^ heart size under similar circum- 
stances. It seems likely that the direction of change is inconstant 
since it is a resultant of several variable factors including venous 
return, heart rate, arterial blood pressure and the degree of cardiac 
dilatation already present. 

Pulmonary Blood Vohime. A phenomenon which does not appear 
to have been previously described is the visible change in pulmonary 
blood volume incident to sudden opening and closing of the fistula. 
Under fluoroscopic examination, digital compression of the aneurysm 
was folloAved by a prompt and consistent increase in translucency 
of the lung fields which diminished on reopening of the leak. The 
procedure was repeated and the effect confirmed by several ob- 
servers. The change in translucency of the lung fields may be 
explained by a change in pulmonary blood volume on sudden dimi- 
nution of the venous return.' It probably represents a shift of blood 
from the venous and pulmonary bed to parts of the arterial and 
capillary system inadequately filled because of the short circuit at 
the fistula. The observation is of particular interest in view of the 
unexplained lowering of pulmonary resistance found by Gibbon 
and Churchill® in experimental arteriovenous fistula. It also 
affords further evidence of the blood reservoir function of the lungs 
to which Hochrein and Keller*® have recently called attention. 

Oxygen Consumption. The oxygen consumption averaged 247 cc. 
per minute on repeated determinations before operation, both with 
the fistula opened and closed. The basal metabolic rate was — 8.1 %. 
After operation the oxygen consumption was 265.7 cc. per minute or 
0.5% of the calculated value. The change is too slight to be of 
definite significance unless it be interpreted as indicating that the 
oxygen consumption diminished in response to a decrease in periph- 
eral blood flow. 

Pulse-ivave Velocity. The results of determinations of pulse- 
wave velocity from the heart to subclavian artery, subclavian to 
brachial and femoral arteries and femoral to dorsalis pedis arteries 
will be found in the table. The values estimated were at no time 
outside the normal range. The effect of compression of the fistula 
was to increase the pulse-wave velocity in the arch of the aorta and 
peripheral vessels and to slow it in the aortic trunk. After operative 
closure of the fistula the pulse-wave velocity was accelerated through 
all parts of the vascular system except the aortic arch. It has been 
stated that an arteriovenous fistula causes slowing of the pulse- 
wave velocity*® but the observations in the present case indicate 
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that this does not necessarily apply to all parts of the arterial system 
since the opposite effept may occur in individual sections. 


Tabi.b 1.— Data on Case of AnTEniovENOus Fistula. 



Fistula 

Fistula 

com- 

After 


Open. 

pressed. 

operation. 

Pulse rate (per minute) 

70-100 

48-00 

52-84 

Arterial pressure (in mm. Hg) ; 

Auscultatory: Non-basal: Systolic . 

140-15C 

150-190 

110-140 

Diastolic . 

77-90 

115-130 

70-84 

Basal: Systolic . 

126 

127 

119 

Diastolic . 

02 

81 

78 

Oscillometric : Basal: End systolic . 

129 

131 

123 

Lateral systolic . 

112 

122 

115 

End diastolic . 

05 

80 

81 

Lateral diastolic . 

02 

81 

78 

End to lateral svs- 

tolic dill. 

17 

9 

• 8 

Venous pressure (corrected, in mm. blood) . 

75 

02 

65 

Respiratorj' rate (average per minute) 

IS 

17 

10 . 

Respiratory minute volume (in liters) 

7.S 

7.3 

6.0 

Oxygen consumption (in cc. per min.) 

247 . 0 

247.0 

205.7 

Basal metabolic rate 

-8.1 

-8.1 

-0.5 

Pulse-wave velocity (in meters per sec.); 

Heart to sulxlardan artery 

.1.17 

3.95 

2.70 

Subclavian to brachial artery' .... 

5 7S 

5.48 

7.43 

Subcla^dan to femoral artery .... 

4.76 

4.00 

5.66 

Femoral to dorsalis pedis artery 

8.49 

9.25 

10.36 

Skin temperature (in ° C.) ; 

Average for normal leg 

.84 00 

34.88 


Average for affected leg 

.34.08 

34.77 


Maximum rise, normal log 


1.45 


Maximum rise, affected leg 

, . 

0.85 


Cardiac output per minute : 

Acetylene , 


4.26 

4.07 

Ethyl iodid . . 

5 48 

3.80 

3.85 


5 08 

4.32 

3.81 

Average in liters per min 

4.90 

5 15 

4.13 

3.91 

Cardiac index 

2.04 

2.12 

2.02 

Decrease in cardiac output, per cent 


-20 

-24 

Cardiac output per beat .... 

08.. 3 (SO) 

73.1 (52) 

68.8 (50) 

(corresponding pulse rates in brackets) 

GO 9 (70) 

78.5(55) 

68.1 (66) 

Average in cc. per min. . . 

02 . 0 (79) 
05.7 

75.8 

68,5 

Heart size, area in sq. cm. of cardiac silhouette 

194 

141 

120 

108 

Transverse diameter in cm 

19.5 

10.4 

15.2 

12.5 


Ekctrocardiogram. In the presence of the open fistula the elec- 
trocardiogram showed a normal sinus rhythm with a rate of 120 
per minute. The only abnormalities noted were a Q wave in Lead 
III, a flat T wave in Lead I, and a diphasic T wave in Lead IV. 
Digital compression of the fistula had no effect on the record other 
than a slowing of the rate to 80. The electrocardiogram was repeated 
approximately 3 weeks after operation and showed a pulse rate of 
100. There was an increased amplitude of the initial ventricular 
complexes in all leads, the T wave in Lead I was still flat, tlie Q 
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Avave in Lead III had disappeared and the T wave in Lead IV had 

become deeply negative. ^ ■>. , v 

It is rather surprising that so few signs of myocardial disturbance 
Avere found in a heart so seAmrely affected. The absence of marked 
change in the form of the waves on occlusion of the fistula is also 
of interest and agrees with the reports of other observers.®- 
The ehange in Qz and Ti, however, is indicative of definite improve- 
ment in the state of the myocardium after operation. 

Discussion. The most important effect of an arteriovenous fistula 
is the remarkable degree of cardiac enlargement and its consequent 
circulatory insufficiency. The enlargement has been attributed to 
hypertrophy^-i“’i-'^^-^^ and dilatation due to the increased 

cardiac output and blood A^olume. That hypertrophy Avas not a 
significant factor in the present case is indicated by the rapid reduc- 
tion in size of the heart after operation. Dilatation, therefore, 
appears to be the chief cause of the enlargement. However, it is 
difficult to explain so great a degree of dilatation by an increased 
output of only 24%, especially since aortic insufficiency associated 
with a comparable leak produces mainly hypertrophy. Nor is the 
increased blood volume likely to be an important factor as poly- 
cythemia very seldom causes a similar degree of enlargement. 

Skin temperature and plethysmographic studies have indicated 
that occlusion of the fistula causes an increase in the peripheral 
capillary circulation even though the cardiac output is simultane- 
ously diminished. Since coronary blood flow may safely be assumed 
to bear a proportional relationship to the peripheral circulation, 
it is clear that an arteriovenous fistula must produce a dispropor- 
tion between work of the heart and the blood supply to the myo- 
cardium, the former being increased while the latter is relatively 
diminished. Lewis and Drury have therefore, suggested that the 
dilatation is “due to a deficient nutrition of the heart muscle con- 
sequent on the fall of mean arterial pressure,” an explanation AAffiich 
seems to be the most likely one. 

It is unnecessary, however, to postulate a fall of mean arterial 
pressure as the cause of an inadequate coronary blood flow. In 
the present case the mean blood pressure was well within normal 
limits and in fact was highest during periods of activity when the 
greatest degree of circulatoiy insufficiency occurred. The coronary 
blood flow is inadequate only because, although possibly normal in 
absolute quantity, it is below normal in proportion to the work of 
the heart. ^ Under the circumstances, the myocardium may assume 
an increasingly hypodynamic state with resultant dilatation and 
congestNe failure. 

In the light of the present treatment of cardiac failure by ablation 
of the thyroid, these observations are very suggestNe. They 
illustrate the fact that in cases of relatiA'-e coronar^^ insufficiency, 
a reduction of the disproportion betAA^een the work of the heart and 
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tlic coronary blood flow not only benefits periplieral congestion, 
but improves the function of the myocardium as well. This effect 
was exhibited when surgical repair of the arteriovenous fistula 
caused the disappearance of cardiac dilatation. In cases of coronary 
insufficiency due to organic changes, ablation of the thjToid simi- 
larly reduces the work of the heart to meet the limitations of the 
coronary blood flow. The favorable effect of this procedure depends 
in part upon the reduction of the body requirement for a normal 
minute volume. It may also depend, however, on the fact that the 
nutrition of the heart becomes adequate with a resultant decrease 
in cardiac dilatation in many cases and a definite improvement in 
myocardial fmiction as exliibited by an increase in exercise toler- 
ance.^ 

Summary and Conclusions. 1. A case of traumatic femoral 
arteriovenous fistula is reported together with observations made 
with the fistula open, during external compression of the fistula and 
after successful surgical repair. Significant changes in the cardio- 
vascular system are described. 

2. The inconstant relationship between the characteristic rise 
of blood pressure and slowing of the pulse rate on occlusion of the 
fistula leads to the conclusion that the bradycai’diac reaction is not 
due exclusively to blood pressure changes. 

3. The basal minute volume of the heart was increased 24% by 
the fistula but even in the presence of the increased output there was 
evidence of a relatively diminished capillary blood flow. 

4. In the standing posture compression of the fistula caused a 
conspicuous increase in translucency of the lung fields as seen fluoro- 
scopically, indicating a marked decrease in the blood content of 
the lungs. 

5. The area of the silhouette and the transverse diameter of the 
heart were reduced by 45% following treatment. It is concluded 
that the cardiac enlargement was due, as Lewis and Drury, suggest, 
to a relatively inadequate coronary blood flow. 

6. It is suggested that total ablation of the thyroid in cases of 
coronary insufficiencj' may be of direct benefit to cardiac fimction 
in a manner analogous to the effect of closure of an arteriovenous 
fistula. 

Appreciation is e.xpressed to Dr. R. G. Torrey for much helpful criticism, to 
Drs. I. Starr, J. Donal and J. Scott for the measurement of the cardiac output and 
to Dr. B. McGlone for the estimation of the skin temperature. 
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STUDIES ON THE STRUCTURE AND FUNCTION OF BONE 

MARROW. 


IV. Bone Marrow in Agranulocytosis. 

By R, R Custer, M.D., 

CHIEF, DIVISION OF PATHOLOGX, PHILADEXiPHIA GENEBAD HOSPITAL; ASSOCIATE IN 
PATHOLOGT, ITNIVBHSITY of PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the Division of Pathology of the Philadelphia General Hospital Laboratories 
and the Department of Pathology of the University of Pennsylvania.) 


Changes* in the blood-forming organs as described in the numer- 
ous case reports of agranulocytosis have been inconsistent to a remark- 
able degree. On the contrary the bone marrow of 11 cases studied 
during the past 4 years, carefully selected as regards the clinical 
aspect, presented fairly constant histopathological appearances, eid- 
denced by the fact that tivice I was able to suggest the diagnosis 
from examination of marrow sections alone. Certain characteristic 
findings were barely mentioned in another article® and in a personal 
communication quoted by Strumia.^ 

In each of the first 3 articles of this series^-®'® I pointed out the 
need for meticulous care in the examination of the bone marrow, 
necessitated by its wide distribution and by the variability of the 
tissue in different bones at different ages. It was made clear: (1) 
That an examination based on marrow removed from but one locus 

T reader is referred to the recent article of Jackson and Parker (New England 

J. Mod., 212, 137, 1935), an able and probably the best survey of agranulocytosis. 
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was woefully inadequate; (2) that the tibial and femoral shafts 
could be regarded as representative of long bones with marrow 
normally fatty in the adult, the vertebr®, sternum and ribs of can- 
cellous bone marrow normally cellular; (3) that, in any case, at 
least the femur and tibia as well as sternum (or vertebra) must 
be examined; (4) that the technique emplcj’^ed in the cutting and 
staining of sections must be of such quality that accurate cell iden- 
tification is possible; (5) that smears alone are nearly valueless, in 
that the relative proportion of cells and their relationship one to 
another cannot be determined. Discrepancies in pathologic exam- 
inations have ser^*ed to cloud the issue regarding the true nature 
of the disease process. 

I cannot help remarking, hoAvever, that blame for much of the 
confusion concerning agranulocytosis rests with the clinician and 
the "blood stream hematologist” who have grasped at the findings 
of mucosal ulceration and profound neutropenia as the basis for 
diagnosis in so many of the reported cases. Would these same 
authors group together all instances of suppuration and leukocytosis? 
Their diagnoses can often be negated- by a glance over clinical 
records. The more careful observers do not admit severe anemia, 
thrombocytopenia, hemorrhagic phenomena, splenomegaly, Ijonph- 
node enlargement and positive blood cultures of pathogens into the 
symptom complex of this disease; again, the history of administra- 
tion of arsenicals, of exposure to benzol compounds, radium and 
Roentgen ray definitely catalogues various cases as secondary 
agranulocytosis. This Avould indicate that cases of aleukemic 
leukoses, aplastic anemia, known toxic and infectious suppression 
of the bone marrow have been indiscriminately classed with the idio- 
pathic condition under discussion, i. e., the disease agranulocytosis. 

Concerning the relation of amidopyrin certain reports have 
indicated a positive etiologic status. A negative statement may 
be of some value. In the Philadelphia General Hospital (a year’s 
admissions, 29,488; deaths, 4027) the approximate consumption of 
amidopjTin in 1934 was 120,000 tablets, yet not a single case of 
true agranulocytosis appeared in the 1926 necropsies performed 
during the year (neither were there instances on the clinical services 
ivith recovery). The few diagnoses of agranulocytosis that have 
been made in the hospital were proven by sternal biopsy or necropsy 
to be aleukemic myelosis (1 case), aleukemic lymphadenosis (1 case), 
aleukemic reticulosis (1 case), aplastic anemia (2 cases) and arsphen- 
amin neutropenia (1 case, historj'- obtained after biopsy ruled out 
agranulocytosis). 

The 11 cases upon which the following bone marrow description 
is based conformed satisfactorily to the accepted hematologic and 
clinical pictures; they presented either acute progressive or chronic 
continuous profound neutropenia, relative lymphocytosis (actual 
lymphopenia), no anemia or thrombocytopenia of consequence, no 
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hemorrhagic phenomena; necrotizing mucosal lesions were more or 
less prominent and 1 case gave a histor}- of reinission and relapse. 
Possibilities of aleukemic leukoses, aplastic anemia, leukotoidns 
(other than amidopyrin and allied drugs in some instances), septic 
and irradiation neutropenia were completely excluded. The dura- 
tion of illness varied from 3 days to more than 10 months. ^ Suffi- 
cient similarity in the essential histopathologic changes exists to 
allow individual protocols to be omitted in favor of a general survey. 


Table 1.— Svmmaby of Clinical Data. 


- 




1 

1 Duration 

! 

Leukocytes, 

i 

1 Neutro- 

I Erythro; 
cytes, 
range, 
millions. 

Case 

Aut. No. 

Age. 

Sex. 

of 

1 Type. 

i 

range. 

! phils, 

No. 


disease. 

thousands. 

range %. 

1 

UH-27-14 

48 

p 

1 wk. 

1 

i Acute 

0.6-0. 5 

0-0 

4. 4-1. 4 

2 

UH-30-18 

1 31 

F 

10 dys. 

Acute 

1.0-0. 8 

0-0 

4. 8-4. 6 

3 

UH-31-22 

66 

M 

1 wk. 

Acute 

1 1.2-0. 5 

0-0 

4. 4-3. 3 

4 

UH-31-191 

23 

F 

/ 9 mos. 
\3dys. 

Chr. remit. 
Ac. termin. 

js.o-i.o 

' 7-0 

4. 8-4. 8 

5 

UH-31^98 

78 

M 

3 wks. 

Acute 

2. 1-1. 5 

16-0 

3. 9-3.1 

6 

UH-31-513 

58 

F 

1 wk. 

Acufe* 

1.0-0. 2 

0-0 

4.S-4.3 

7 

UH-31-886 

52 1 

M 

3 dys. 

Acute 

5. 0-5.0 ' 

0-0 ' 

3.6-3. 5 

8 

UH-31-943 

64 1 

M 

10 mos. 

Chr. contin. 

3. 2-1. 9 

16-0 

4. 5-2. 6 

9 

UH-32-138 

19 

M 

4§ mos. 

Chr. contin. 

16.3-1.5 

33-0 

4. 6-2. 4 

10 

PH-32-62 

50 

P 

10 mos.+ 

Chr. contin. 

2.6-0.66 

6-0 

5. 5-2. 9 

11 

LH-982 

? 

M 

6 dys. 

Acute 

1.7-0. 5 

10-2 

3. 7-3. 2 


* Possible previous attack. 

Note. — Cases 1, 2, 3, 5, 6, 7, 8 and 9 were used in a preidous paper by Fitz-Hugb 
and Comroe (Am. J. Med. Sci., 185, 552, 1933), the pathologic material utilized here 
through their courtesy. I am indebted to Drs. Klein and Fowler of the Presbyterian 
Hospital for Case 10, and to Dr. Brown of the Lankenau Hospital for Case 11. 


Gross description hardly justifies the effort. Soft to semifluid 
marrow, seemingly degenerated, may show nice presentation of cell 
structure; red marrow in the femur may be simple congested fat; 
yellow-gray marrow may be largely cellular; firm red marrow may 
be badly degenerated. Attention then is given here onljt to the 
microscopic picture. 

Depee of cellularity varies considerably in different bones of 
individual cases but the qualitative changes are similar. The femur 
is found to be a good barometer of marrow activity, hyperplasia 
being roughly in direct proportion to the duration of illness; two 
exceptions are noted later. The earliest changes are found in the 
femur of Case 4 (Plate I), an instance of recurrent agranulocytosis 
with a terminal relapse of but 3 days’ duration. The most marked 
hyperplasia exists in Case 10, the patient hawng been constantly 
neutropenic (600 to 2600) for over 10 months (Plate II, upper and 
middle). The differential cell count (1000 cells each) in these two 
marrows compared with the normal and two types of secondary 
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agranulocytosis affords an interesting basis for description and 
discussion. 


Table 2. —Differential Marrow Counts (Per Cents). 
(Azitrc II~JEosin.) (1000 cells each.) 


1 

t 

! 

j Agranulocytosis. 



1 

i 

1 Normal.* 

1 

Early 
changes 
(Case 4). 

Marked 
changes 
(Case 10). 

Aisphen. 

neutropenia. 

Septic 

. neutropenia. 

i 

Granulocyte series; 

Myeloblasts 

0 6 

37.3 

1 

46.1 

6.6 

3.6 

Promyelocytes 

9.0 

2.6 

9.5 

8.2 

C.O 

Myelocytes (neutrophil) , 

: 34.6 

0.2 

1.2 

29.2 

18.8 

Myelocytes (eosinophil) . 

2,0 

0.1 

2.6 

3.2 

1.2 

Myelocytes (basophil) 

0.0 

0,0 

0.4 

0.0 

0.0 

Metamyelocytcsf (neutrophil) i 

14.6 

0.0 

0.6 

16.2 • 

15.6 

Segmented forms (all typos) . 

3.0t 

0.0 

0.0 

5.0 

26.2 

Erythrocyte series; i 



] 



Megaloblasts . . ' 

0 0 

3.5 ; 

0.5 

1.0 

0.2 

Erythroblasts | 

14.8 

19.2 

6.5 

14.4 

9.2 

Normoblasts , . . . ' 

18,2 

19.9 

10.4 

10.8 

10.4 

Thrombocyte series; i 

, Megakaryoblasts .... 

0.2 

1.2 

1.4 

1.2 

0.2 

Megakaryocytes i 

0,8 

1.4 

2.1 

1.2 

0.6 

Retioulo-endotholial apparatus; 






Reticular forms . . i 

2.0 

7.9 

3.4 

3.8 

3.2 

Wandering forms ... 1 

0.2 

1.2 

1.3 

0.0 

3.8 

Lymphatic series; j 






Lymphocytes . 1 

0 0 

4,2 

11.6 

0.2 

0.8 

Plasmacytes ! 

! 

0.0 

1,3 

3.5 

0.0 

0.2 


(Dense folliculoid accumulations of lymphocytes were avoided in agranulocytosis 
cases.) 

* Case of brain tumor (white female, aged 22) with normal leukocyte count. 

t Metamyelocytes include all cells between myelocyte and segmented form for 
simplification. 

■ t This figure is lower than usual. 

In early hyperplasia of fatty marrow, cells of the general reticulum 
tend to assume certain morphologic characters of the myeloblasts 
while still retaining cytoplasmic processes in relation to reticular 
fibrillfe. Marked proliferative activity of myeloblasts is usually 
prominent, emdenced by the frequent appearance of mitotic figures, 
occasionally to a degree suggestive of myelosis; unlike myelosis, 
however, it does not proceed at the expense of the other marrow' 
elements and never results in the so-called “replacement anemia” 
(profound, progressive anemia and thrombocytopenia). Most 
myeloblasts appear normal in all respects; some, however, show 
vacuolated cytoplasm, frayed cell margin and a nucleus sometimes 
shrunken and pyknotic, sometimes faded to the extent that a thin 
rim of chromatin marks the line of the perinuclear membrane. 
Acquisition of granules is preceded by the appearance of a lighter 
blue zone near the nucleus, usually eccentric; granules of the pro- 
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myelocyte are usually sparser than one finds in the normally develop- 
ing cell and are occasionally polychromatic. The apparently fully 
granulated myelocyte may be entirely normal but one often finds 
the granules loosely arranged and the cytoplasmic edge ragged. 
The latter changes are seen in the metamyelocyte as well; these 
cells have been found occasionally quite agranular. Segmented 
forms are seen so rarely as to be negligible. In the normal individual 
the neutrophilic level of the blood is maintained by a marrow con- 
taining but few myeloblasts, proliferation of promyelocytes and 
myelocytes at an imhurried rate being quite adequate. In agranul- 
ocytosis we have a superabundance of the early progenitors of the 
neutrophilic leukocyte and an extreme paucity of more matm’e 
forms. 

Eosinophils usually appear structurally normal, sometimes with 
swollen granules and are encountered nearly always in the promye- 
locyte or myelocyte stage ; percentage varies in the individual case 
but seems to bear no relation to the duration of the disease. Baso- 
phils have been seen in a few instances and are regarded as of no 
significance. 

Erythropoiesis is in all instances of the normoblastic type, the 
occasional appearance of megaloblasts apparently indicating hyper- 
activity of moderate degree, and thej’- are noted’ mostly in early 
hyperplasia of fatty marrow. In such instances the hemopoietic 
capillaries described by Doan in the rabbit and Peabody in man 
are demonstrable. Cell morphology in this series shows no change, 
except for a few binuclear erythroblasts in foci of active proliferation. 

The usual degenerative-regenerative balance of megakaryocytes 
that one finds in the normal marrow is maintained here, augmented 
by a greater percentage of megakaryoblasts. The marked degen- 
eration in this cell type described by some authors has not been 
observed in iny series. 

In addition to the scattering of lymphocytes and plasmocytes 
throughout the marrow dense focal accumulations occur, sometimes 
with a loose center and closely packed rim, so that, when viewed 
with the low-power objective, they may appear as typical follicles. 
Close examination of the central portions of such lymphoid masses, 
however, reveals considerable numbers of large faded cells in the 
background; I have wondered whether they are truly lymph follicles 
or merely folliculoid accumulations in response to focal degeneration. 
They have been observed more or less distinctly in 9 of the 11 cases; 
such aggregations are exceedingly infrequent findings in a given 
series of marrows from other types of disease. Plasmocytes are 
often large and multinucleated, and a few Russell body cells are 
encountered. 

The exceptional Cases 6 and 11, ill 6 and 7 days, respectively, 
^owed a relatively hypoplastic marrow, althougl/general qualita- 
tive changes were those already mentioned; the femur in Case 11 
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was entirely fatty. Cellular degeneration exceeded that of the 
other cases of the series (Plate III, lower), amounting in some areas 
to actual necrosis, with disintegrating cells lying in the background 
of fibrin and edematous fluid; even here the granulocyte group 
suffered more damage than the other cell elements. 

To summarize the marrow picture, one’s attention is drawn to 
the progenitors of the neutrophil wdiich are conspicuous both in 
number and especially through the absence of granulated forms, 
myeloblasts representing nearly the entire group. In the early 
hyperplasia of the long bones the proportion of these cells to the 
erythrocyte series is considerably less than that in normal marrow, 
the two lines of cells starting from scratch, as it were. In chronic 
cases, however, the mj'eloblasts surge far ahead while erythroblastic 
proliferation pursues a comparatively even course or perhaps even 
regresses somewhat. Actiwty of the cells of the general reticulum 
is more apparent early, as well. 


Legends for Plates I, II and III. 


Key 

ADV — adventitial cell (Marchand) 

BT — bone trabecula 

END — endothelial cell 
ERBL — erythroblast 
EEC — erythrocyte 
F — fibrin 

FG — fat cell 

L — lytnphocjdo 

All sections stained by modification of Maximow's azure II eosin; tissue shown in 
Plate I, Plate II (lower) and Plate III (upper) sectioned in celloidin, others in paraffin; 
photomicrographs ndth Lcitz apochrom.atic optical system (rod filter with Wratten 
and Wainwright M plates). 


MBL —myeloblast 
MGBL — megaloblast 
MICBL— megakaryoblast 
MKC —megakaryocyte 
— myelocyte 
—normoblast 
— plasmocyte 


MLC 

NBL 

PL 


Plate I. — Upper. Early hyperplasia of myeloblasts and erythroblasts at mid- 
femur wdth focal accumulation of lymphocytes (L) (X 70) (Case 4). 

Middle. Same; proliferation of myeloblasts in marrow interstices with admixture 
of a few colls of the erythropoietic series (X 690). 

Lower. Same; focus of normal erythropoiesis accompanied by new formation of 
megakarj'ooytes (X 690). 

Plate II. — Upper. Marked hyperplasia at midfemur, the predominant cells 
being the pale-staining myeloblasts; the center (L) is a folliouloid accumulation of 
lymphocytes; the strands of dark cells in the periphery are clumps of late erythro- 
blasts and normoblasts (X 40) (Case 10). 

Middle. Higli power of above shows the majority of cells to be myeloblasts, a 
single myelocyte, a few lymphocytes and normoblasts and a plasmocyte being 
admixed (X 690). 

Lower. Myeloblastic proliferation in vertebra, none being differentiated beyond 
promyelocyte stage; a focus of normal erythropoiesis is seen in the low'er left ( X 650) 
(Case 2). 

Pl.ate III. — Upper. Area of focal necrosis in vertebral marrow v-ith pseudofollicu- 
lar aggregation of lymphocytes: cells in the periphery are largely myeloblasts ( X 70) 
(Case 2). 

Lower. Late degeneration of myeloblasts in a background of fibrin and cell debris 
(vertebra): the intermingled normoblasts do not share the degeneration (X 690) 
(Case 11). 
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Appearance of megakarybblasts and megakaryocytes in increasing 
numbers with chronicity of the disease appears to keep pace with 
the myeloblastic hyperplasia. An infiltration of lymphocytes and 
plasmocytes is apparent from the first and becomes more and more 
prominent. 

Discussion. My findings in the bone marrow are very similar 
to those carefully described by Jaffe^ and include features mentioned 
by other observers, espeeially Oppikofer;® my interpretations are 
considerably different. The paramount feature is the failure of 
the aetively proliferating myeloblasts to ripen into the segmented 
form of the neutrophil. Is this due to lack of an intrinsic matura- 
tion factor, as suggested heretofore by Fitz-Hugh and Krumbhaar,^ 
and comparable to that of the erythron in pernicious anemia; or is 
it due to the influence of an extrinsic chemical or bacterial toxin? 

I believe the former to be true. I eannot agree with Jaffe that the 
marrow in arsenical and septic neutropenia does not differ from that 
in idiopathie agranulocytosis. The separation is difficult when one 
finds a relatively hypoplastic marrow, although still possible; com- 
parison of the differential count from a typical regenerating marrow 
of each (Table 2) brings out a marked difference. Granular forms 
in the neutrophil series predominate in the arsenical and septic types 
and there is complete maturation never seen in idiopathic agranul- 
ocytosis; degenerative changes in the first two, when present, may 
affeet all cell types, especially in the septie cases. 

In agranulocytosis unquestionable degenerative changes in the 
cells of the granular seri,es impressed me much more strongly while 
studying the first few cases of the series than they do now. In 
two of the group they are in the majority, in the others structurally 
good myeloid cells predominate. The first thought naturallj^ is of 
a severe toxic degeneration which retards or inliibits maturation 
of the cells. But why specifically the granulocyte progenitors? 
It is obwous that myeloblasts cannot proliferate actively for days 
and months vuthout some sort of disposal of their offspring; other- 
Mse erythrocyte and thrombocyte groups would be crowded out 
■ as in the leukoses. It seems more logical to regard the degenerating 
forms as effete cells which succumb before reaching adolescence. 

Causes of neutropenia have been schematically presented in the 
past. The following table, however, links the alteration in the 
blood with changes_ in the marrow in rough but practical fashion 
and affords the clinician better opportunity for classification of his 
cases as idiopathic or symptomatic agranulocytosis. 

The term agranulocytosis has achieved such popularity that it 
Mil no doubt continually be applied to cases of marked neutropenia 
of obscure natme, whether other clinical features meet the diag-- 
nostic criteria of the idiopathic type described here or not. Fortu- 
nately, there is an increasing tendency to catalogue the 'atypical 
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cases as “secondary agranulocytosis” until the course of the disease 
or the pathologic findings permit proper etiologic classification (e. g., 
arsphenamin neutropenia, etc.; compare Table 3). An analogue of 
the present situation may be recalled from the last century. Gretzel 
(1866) divorced from the leukemic leukoses, and designated as 
“splenic anemia” a large group of cases hawng common features, 
namely splenomegaly and anemia. Gradually the specific disease 
entities were withdrawn, so that, as hloynihan puts it, “the group 
is raided on every side. Tidiat remains? Only the forms of splenic 
anemia the cause of which is unknown.” The raid on “agranulo- 
cytosis” is reaching such proportions that today it is the compara- 
tively rare case that bears up under discriminating scrutiny in 
supporting the diagnosis of idiopathic agranulocytosis. 


Table 3.— Absence or Striking Diminution in Number of Neutrophils in 

THE Bloob Stream. 

I. With relatively “full” marrroiv, as result of; 

(а) Severe toxemia (usually bacterial), through primary stimulation of granu- 

lopoietic tissue, then destruction of cells in silii or on entrj' into the 
circulating blood. 

(б) The leukoses (leukemias), viz.: 

1. Aleukemic myelosis, through overproduction of granulocytes that 

either do not leave the marrovr or are destroyed on entering blood. 

2. Lymphadenosis, through replacement of granulopoietic tissue. 

3. Reticulosis, through replacement of granulopoietic tissue. 

(c) Idiopathic agranulocjdosis (agranulocytosis of Schultz, agranulocj'tio 
angina, malignant neutropenia), through defecth'e maturation of 
myeloblasts (most cases show full marrow; see Il-e). 

II. With relatively “empty” marrow, as result of: 

(а) Severe toxemia (usually chemical), sometimes specific for neutrophils 

(benzol), 

(б) Marrow exhaustion, through protracted anemia, toxemia or infection. 

(c) Aplastic anemia (idiopathic), congenital or acquired. 

Id) Irradiation (Roentgen ray or radium). 

(c) Idiopathic agranulocytosis (the occasional case). 


Summary. 1. Unwarranted diagnoses of agranuloc,ytosis have 
appeared in the literature; lack of critical analysis of clinical and 
pathologic findings has confused the issue. 

2. Bfeticulous study of the marrow from long and fiat bones at • 
necropsy is indicated in any case presenting marked neutropenia 
during life; sternal biopsy is suggested if the patient’s condition 
permits. 

3. Uniform findings in the bone marrow in 9 of 11 cases of proven 
idiopathic agraniiloc.ytosis are: 

(a) Marked proliferation of myeloblasts. 

(b) Failure of these cells to mature, resulting in paucity of 

myelocj'tes and practically complete absence of seg- 
mented forms. 

(c) Normal or slightly increased red blood cell formation. 

(i) Slight hyperplasia of otherwise normal megakaryocytes. 

(c) Infiltration of lymphocytes and plasiuocytes. 
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4. Degeneration and relative hypoplasia are noted in 2 cases, 
although qualitative changes are similar to the other 9. 

5. Comparison of differential marrow counts frorn idiopathic and 
secondary agranulocytosis (arsphenamin and septic neutropenia) 
shows marked dissimilarity- 

6. Presence of a lesion of maturation specifically confined to the 
granulopoietic series, not reduplicated by diseases of known etiology, 
entitles idiopathic agranulocytosis, tentatively at least, to a place- 
as a disease entity. 

Note. — I am indebted to Dr. F. B. Ablfeldt for assistance in a survey of the litera- 
ture preliminary to this study and in collection of the material. 
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A STUDY OF THE DIAGNOSTIC VALUE OF STERNAL PUNCTURE 
IN CLINICAL HEMATOLOGY. 

By Carl Reich, M.D., 

ADJUNCT PHTSICIAN IN HEMATOLOGY, LENOX HILL HOSPITAL; ASSISTANT VISITING 
PHYSICIAN, CITY HOSPITAL, NEW YORK CITY. 

(From'the Medical Service of Lenox Hill and City Hospitals.) 

Recent tadvances in our knowledge of the disorders of the blood 
have made clinicians increasingly conscious of the necessity- for 
accmate hematologic diagnosis. Formerly a routine physical exam- 
ination and blood count by an intern or the hospital laboratory 
was considered adequate in studying cases of anemia. Today in 
our larger hospitals the hematologist is called in consultation as 
freely as the surgeon or the nose and throat specialist, and it is 
important that he have at his command everj^ possible diagnostic 
facility. 

During the past year the author has employed sternal puncture 
routinelj' on all cases of blood dyscrasias seen in consultation. 
iSeedless to say the results have been extremely interesting. 

The technique of sternal puncture has been described in detail 
elsewhere,! so that a brief resume only will be given. A small 
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area on the skin overlying tlie sternum opposite tlie 3d interspace 
is painted with iodin, and novocain is injected into the skin, under- 
lying tissues and periosteum. A specially constructed needle 
(Fig. 1) is then driven into the spongy bone and 10 cc. of bloody 
fluid aspirated and mixed with 2 cc. of a 1.4% sodium oxalate 
solution. This mixture is centrifuged and smears are made of the 
huffy coat and stained with Jenner-Giemsa stain. A differential 
count of 1000 cells is then made. 



Fig. 1. — Needle used for sternal puncture 


This method is practically painless and is well adapted to ward 
and clinic use. The small puncture heals up readily and the pro- 
cedure can be repeated at frequent intervals.* 

The marrow picture not only makes the diagnosis more definite, 
but presents a broadening insight into the changes going on in the 
formative tissues. A few selected cases will aid in illustrating the 
value of this technique. In describing the blood and bone marrow 
findings the following abbreviations will be used and percentage 
signs will be omitted; 


Neutrophil polys, (mature forms) . . . Polys. 

Neutrophil polys, (band forms) .... Polys. B.F. 
Neutrophil polys, (young forms) .... Polys. Y.F. 

INIonocytes Mon. 

Lymphocytes ' ... Lymph. 

Eosinophils Eos. 

Basophils Bas. 

hlyeloblasts ... j\IBl. 

Premyelocytes and myelocytes .... INICY. 

Normoblasts NBl 

Megaloblasts ... .... MgBI. 

Erythroblasts ... EBl. 

Proerythroblasts ........ PEBl. 

Plasma cells PI. 


Case Abstracts. C.'vse 1.— (Fig. 2.) Diagnosis 


Normal ; male, aged 32. 


Blood: Hb., 90; R.B.C., 5; W.B.C., 7300; Polys, 70; LjTnph., 9; Mon., 
11 . 

Marrow: Polys., 25; Pob’s. B.F. 10; Polys. y.F., 5; L 3 nnpli., 10; 
Mon., 1; Eos., 1; MBL, 2; MCY, 20; NBl., 15; EBL, S; PEBL, 2; PL, 1. 
Case 2. — (Fig. 3.) Diagnosis: Secondarj"^ anemia. 

The patient, a white female, aged 57, had been slowly losing weight 
and strength during the past 6 months. Owing to gastric distress she had 
restricted her diet for the past j-ear to milk and white cereals. On e.\-am- 


* AVhile the method of sternal puncture is undoubtedly of groat value in the study 
of anemia, the examination of the material obtained in tissue sections rather than in 
smears would seem to be preferable. Imprint preparations break up fewer cells than 
do smears; with smears, preliminary suspension in scrum has advantages. — Editor. 




Fig. 3. Sternal marrow. (G66 X.) Case of secondary anemia. Note normoblasts 
iNBL), erj'throblasts [EBL) and pro-erjdhroblasts (PEBL). 









Fig. 6.— Sternal marrow. (666 X.) Case of agranulocytosis with maturation arrest. 
Note presence of large numbers of myelocytes (M.C.F.). 



Fig. 7.— Sternal marrow. (666 X.) Case of aleukemic lymphatic leukemia. Note 
e.xtensive infiltration of marrow by lymphocytes {lymph). 





Fig. S.~Sternal marrow (666 X.) Case of acute myeloblastic leukemia. Note 
tremendous proliferation of myeloblasts (MBL), many of which have lobulated nuclei. 
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ination she was quite pale and showed swollen and bleeding gums similar 
to those seen in scurv 3 \ , „ , 

Blood: Hb., 53; R.B.C., 2.8; W.B.C., 5000; Polys., 68; Lymph., 24; 
Mon., 6; Eos., 1; Bas., 1. 

Marrow: Polys., 17; Polys. B.F., 13; Polys. Y.F., 5; Lymph., 5; MBl., 
3; MGY., 13; NBl., 25; EBl., 15; PEBl., 3; PL, 3. 

She was put on a high-vitamin diet with particular attention to fresh 
fruits. Iron by mouth in large doses was also given. Recovery took 
place with startling rapidity. 

This is a case of secondary anemia caused by dietary deficiency. It is 
very similar to the nutritional anemia of infancy. The bone marrow 
showed the typical normoblastic and erythroblastic activity seen in secon- 
dary anemia. 

Case 3.— (Fig. 4.) Diagnosis: Pernicious anemia. 

The case was that of a white male, aged 46_. He had a typical history 
of slowly increasing weakness and pallor. His tongue was atrophic and 
he suffered from paresthesia in the lower extremities with loss of Aubratory 
sense over the tibia. The liver and spleen were enlarged, and the stomach 
contents .'Showed no free HCl after histamin stimulation. The blood Was- 
sermann test was negative and a gastro-intestinal barium study showed 
no lesions. 

Blood: Hb., 68; R.B.C., 2.9; W.B.C., 5800; Polys., 58; Lymph., 24; 
Mon., 10; Eos., 8. 

Marrow: Polys., 2; Polys. B.F., 3; Polys. Y.F., 3; Lymph., 2; MBL, 2; 
MCY., 3; NBL, 62; MgBL, 12; EBL, 10; PEBL, 1. 

The marrow showed marked erythroblastic activity with the presence 
of numerous megaloblasts, which is characteristic of pernicious anemia. 
Treatment with liver extract produced the expected good results. 

Case 4.— Diagnosis: Carcinoma of prostate with pernicious anemia 
blood picture. 

A man, aged 31, had increasing weakness and pallor extending over a 
period of several months. A diagnosis of pernicious anemia had been made 
elsewhere and liver treatment used to no avail. He was admitted to the 
hospital acutely ill, with a temperature of 105° F. 

Blood: Hb., 51; R.B.C., 2; W.B.C., 1500; Polys., 20; Lymph., 70; 
Mon., 10. 

A tentative diagnosis of agranulocytosis was made. 

Marrow: Polys., 9; Polys. B.F., 1; Lymph., 3; MBL, 1; MCY., 14; 
NBL, 22; MgBL, 20; EBL, 26; PEBL, 3; PL, 1. 

Marked erythroblastic activity of the pernicious anemia type was seen 
in the marrow. The patient expired and at autopsy was found to have a 
carcinoma of the prostate with metastases. 

This case illustrates the fact that carcinoma can often produce a blood 
and bone marrow picture similar to that seen in pernicious anemia. 

Case 5.— (Fig. 5.) Diagnosis: Carcinoma of the prostate. (Showing 
tumor cells in the marrow.) 

The history of this white male, aged 60, was one of increasing weakness 
and ill-health. Physical examination was negative except for evidence 
of anemia and loss of weight. A gastro-intestinal barium study was 
negative as was also the blood Wassermann test. 

Blood; Hb., 82; R.B.C., 4; W.B.C., 22,000; Polys., 30; Lymph., 52; 
Lymphoblasts, 3; Mon., 11; Eos., 3; Bas., 1. i > > 

The possibility of lymphatic leukemia was suggested 

Many of the tumor cells were multinucleated and did not resemble anv 
imown marrow cell. 
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Roentgen ray of the bones showed the mottling peculiar to carcinoma. 
Autopsy revealed a carcinoma of the prostate vdth metastases. 

The presence of tumor cells in the sternum is unusual, but the sternal 
puncture not only ruled out leukemia in this case, but made the diagnosis 
of carcinoma as well. 

Case 6.— (Fig. 6.) Diagnosis: Agranulocytosis. (With maturation 
arrest. Recovery.) 

The patient was a white female, aged 55, who had been in good health 
up to 1 week before admission to the hospital, when she began to get sores 
in the mouth and felt sick. Her temperature was 103° F. and she was 
quite ill. 

Blood: Hb., 85; R.B.C., 4.8; W.B.C., 1100; Polys., 5; Lsunph., SO; 
Mon., 15. 

Marrow: Polys., 0; Pob^s. B.F., 1; Lymph., 8; MBL, 3; MCY., 70; 
NBl., 9;_EB1., 8; PEBl., 1. 

The diagnosis of agranulocytosis with maturation arrest was made and 
she was treated vuth transfusions and injections of aolan. Within a few 
days the temperature came down and she got well. Since that time she 
has been observed for a period of months and has been found to have a 
state of chronic agranulocytosis. 

Case 7. — Diagnosis; Agranulocytosis. (Y^th maturation arrest. Fatal 
outcome.) 

The case was that of a young woman, aged 20, suffering from chronic 
pulmonary tuberculosis. For the past few months she had taken large 
doses of barbiturates for insomnia. Three weeks before her demise her 
temperature began to mount and she had small ulcers in the mouth. 

Blood: Hb., 60; R.B.C., 3.5; W.B.C., 1300; Polys., 18; L 3 Tnph., 82. 

Marrow; Polys., 5; Lsunph., 12; MBL, 18; MCY., 53; NBL, 10; EBL, 2. 

The diagnosis of agranulocytosis with maturation arrest was made. 
The usual treatment was instituted, but she did not respond and expired. 

Case 8.— Diagnosis: Agranuloc^osis. (With marrow aplasia. Fatal 
outcome.) 

The patient was a white male, aged 55, who had been in the hospital 
for 2 months, suffering from a poorly healing fracture of the left hip. Ten 
days before his death he began to feel vagulely ill and liis temperature 
rose to 103° F. The abdomen was distended and tender and at times he 
was irrational. 

Blood: Hb., 53; R.B.C., 2.5; W.B.C., 1500; Ljunph., 80; Mon., 20. 

The sternal puncture yielded a markedly diminished quantity of bone 
marrow. The count was: 

Manow: Lymph., 70; Mon., 10; MCY., 1; EBL, 4; PL, 9; PEBL, 6. 

A diagnosis of agranulocytosis vdth marrow' aplasia was made. 

The patient did not respond to any therapy but ran a continued high 
temperature and died 10 days after the onset of this acute illness. 

Autopsy: Bronchopneumonia, acute pericarditis, acute splenitis and 
marked ulcerations of the small and large intestine. 

It was interesting to note that on microscopic examination no polys, 
could be found in the pneumonic areas in the lung. 

The last 3 cases of agranulocytosis illustrate very well the under- 
lying pathologic changes so well described by Fitz-Hugh and 
Krumbhaar." A large number of these cases show a hyperplasia 
of the myeloid elements rather than an aplasia, and strengthens 
the suggestion that in many instances the condition is secondary to 
a maturation arrest. 
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Case 9— (Fig. 7.) Diagnosis: Aleukemic lymphatic leukemia. 

The patient was a white male, aged 55. He had large masses of glands 
in the neck, axiUa and groin, along with enlargement of .the spleen. 

Blood: Hb., 80; R.B.C., 4.1; W.B.C., 6000; Polys., 53; Lymph., 32; 
Mon., 10; Eos., 5. ^ 4 , 

Marrow: Polys., 3; Polys. B.P., 3; MCY., 4; NBl., 3; Lymph., 87.^ 
The marrow showed a marked infiltration with lymphocytes and a diag- 
nosis of aleukemic lymphatic leukemia was made. Biopsy of a lymph node 


confirmed this diagnosis. 

Case 10.— Diagnosis: Lymphoma. 

For the past few years, the patient, a male, aged 70, had noticed swelling 
of the glands in his neck, axiUa and groin. These glands were markedly 
enlarged, as were also the spleen and liver. He came into the hospital 
suffering from dyspnea and was found to have a left hydrothorax. The 
temperature was normal. Chest tap 3 delded 1500 cc. of chylous fluid, 
with improvement in his S3mptoms. 

Blood: Hb., 10.5; R.B.C., 5.5; W.B.C., 10,200; Polys., 50; Polys. B.F. 
10; Lymph., 37; Mon., 1; Eos., 2. 

There was some talk of lymphatic leukemia, but the lack of anemia seemed 


to be against this. 

Marrow: Polys., 52; Polys. B.F., 12; Polys. Y.F., 3; Lymph., 16; 
Bas., 1; Eos., 10; MCY., 5; NBL, 1. 

The lack of lymphocytic infiltration in the marrow was definitely against 
leukemia. Biopsy of a lymph node was diagnosed as Ijnnphoma, with no 
evidence of leukemia. 

Case 11.— -(Fig. 8.) Diagnosis: Acute myeloblastic leukemia. 

The case was that of a male, aged 23; He had always been well up to 
1 month before admission to the hospital. At this time he began to com- 
plain of weakness and shortness of breath. On admission to the hospital 
he was acutely ill. His temperature was 102° F., the spleen was slightly 
enlarged and there were hemorrhages in the eyegrounds. 

Blood: Hb., 35; R.B.C., 2.2; W.B.O., 150,000; Polys., 5; Lymph., 11; 
MCY., 3; MBL, 81. 

There was some doubt in the mind of one of the clinicians as to whether 
these cells were myeloblastil or lymphoblasts. 

Marrow: MBL, 92; NBL, 8. 

The diagnosis of acute myeloblastic leukemia was, therefore, definitely 
established. 


Summary. From a study of the cases cited, it is seen how valu- 
able sternal punctm-e may be in differentiating the various types 
of anemia, in establishing the diagnosis of leukemia in doubtful 
cases and in differentiating aleulcemic lymphatic leukemia from 
agrariulocytosis. In 1 instance it was even possible to see tumor 
cells in the sternal marrow, although this is very imusual. 

This method of investigation does much more for the hematolo- 
gist, however, than aid him in his diagnosis. It gives him an 
insight into the fundamental processes underlying his findings in 
the peripheral blood and opens new avenues of clinical research. 
It is now possible to study the changes in the bone marrow almost 
as frequently as those in the peripheral blood and to observe the 
direct effect of therapy on the formative tissue. 
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Conclusions. 1. A technique of sternal puncture was described 
which can be done repeatedly with a minimum of discomfort to 
the patient. 

2. A series of cases were reported which show that study of the 
bone marrow obtained in this way is of great assistance in hema- 
tologic diagnosis. 
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THE EFFECT OF ULTRAVIOLET RAYS ON SNAKE VENOMS.* 
By David I. Macht, M.D., LL.B., Phar.D., Litt.D., F.A.C.P. 

BAIiTlMORHI, Xn). 

DIRECTOR OF PHAR^LACOLOGIC RESEARCH liABORATORY, HTNSON, YTESTCOTT & DTEJOTNG, 

INC. BALTIMORE; PROFESSORIAL LECTURER IK GENERAL PHYSIOLOGY, TESHH'A 

COLLEGE, KEW YORK, 

In recent years the subject of snake venoms has been of mterest 
not only from the standpoint of toxicology but also to some extent 
from that of experimental therapeutics. As far back as 1910 and 
1914, papers were published by Mays,^ Fackenheim,- Provost,® 
Jenkins and Pendleton,'* Thom® and others on the uses of crotalin, 
or the poison of rattlesnake, in the treatment of epilepsjq and within 
the last year or two, French investigators have reported studies 
concerning the use of cobra venom in the treatment of inoperable 
malignant tumors.®'’'®-®-*® The present investigation was under- 
taken for the purpose of advancing our knowledge concerning the 
various factors and conditions influencing the activity of snake 
venoms and concerning methods of standardizing and preserving 
them for experimental work. 

It is common knowledge that many drugs and chemicals are 
affected by physical agents, particularly by heat and light. It is 
also well known that suspensions or solutions of snake Amnoms 
decompose on standing and deteriorate under the influence of tem- 
perature. The venoms of the Crotalidm are especially labile and 
easily affected in this respect. The venoms of the Elapidse, and 
particularly that of Naia or cobra, are more resistant to heat. 
With regard to the effect of light on snake venoms, Calmette** 
noted that solutions of these toxins deteriorate v’hen exposed to 
sunlight. Noguchi*® studied the photodynamic effect of eosin and 
er3i:hrosin on snake venoms and found 'that in sunlight these dyes 
decrease the toxicity of the venoms. Massol*'* found that the rays 
of the quartz lamp decomposed cobra A'enom; and PhisalLx** noted 

* Read before the Optical Society of America, at its Nineteenth Annual Meeting, 

Friday, October 19, 1934, in W^ashington, D. C. 
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that very long exposure (for 60 hours) of this toxin to radium radia- 
'tions reduced its activity. The present investigation is devoted to 
a more detailed study of different ultraviolet radiations on a number 
of snake venoms. 

Method. Studies were made cliiefly on the venoms of two great closes 
of snakes, namely, of the Elapidae, the principal representative of which 
is the cobra; and on the poisons of the viper group, the Crotalidse, the 
American representative of which is the rattlesnake. In all experiments 
performed, the dried scales of venom were dissolved or brought into a 
colloidal solution either in water or, more often, in physiologic saline. 
The cobra venom employed in this investigation was obtained through the 
courtesy of Prof. R. N. Chopra, of the School of Tropical Medicine, Calcutta, 
while the Crotalus venom, or the poison of the rattlesnake, was procured 
through the kindness of the Mulford Biological Laboratories, Philadelphia. 
Venom was obtained from different species of rattlesnake, namely, the 
Crotalus atrox, Crotalus ruber and Crotalus exsul. In addition, other 
experiments were made with the venoms of Ancistrodon, or copperhead, 
and Bothrops atrox. South American viper. 

In accordance with the character of experiment to be performed, the 
dried scales of venom were rubbed up carefully in glass mortars with either 
distilled water or saline solution. As will be seen later, venom suspensions 
prepared from different samples of snake poisOns varied greatly in their 
potency. 'Whenever a pharmacologic experiment was performed, therefore, 
great care was taken to make suitable control tests in order to establish 
the toxicity of the solution used on each particular day. 

Method of Irradiation. Ultraviolet radiations were obtained from mer- 
cury vapor quartz lamps. The particular apparatuses used were the 
Alpine Sun lamp and the Kromayer lamp of the Hanovia Manufacturing 
Company. Since the Alpine Sun lamp emits and generates a great deal of 
heat, which must be taken into account in studying the effect of ultraviolet 
rays on chemicals and drugs, most of the experiments were made with the 
the water-cooled ICromayer lamp. 'When this apparatus is used, tempera- 
ture need not be considered. The quality and quantity of radiations 
emitted by the Kromayer lamp are shown in the subjoined graph, prepared 
bj'- Dr. W. T. Anderson, Jr. This chart indicates the distribution of spectral 
energy of the burner employed in the experiments at a distance of 4 inches 
from_ the window of the Kromayer lamp. 'Bdien the present investigation 
was in progress, the intensity of radiation was considerably greater because 
snake venom solutions in small quartz tubes were placed directly against 
the window of the Kromayer lamp. In addition to such radiations as are 
indicated in Fig. 1, the Alpine Sun lamp emits waves as low as 1800 Ang- 
strom units which are absorbed by the water of the Kromayer lamp, and 
also some longer waves. 

Studies on the effect of such ultraviolet irradiation on snake venoms 
were made not only mth the total energy emitted by the ICromayer lamp 
but also TOth longer and shorter ultraviolet rays emitted by the lamp, 
respectively , when various filters were used . Specifically, some experiments 
were made Mth rays passed through a Wood filter, which cuts out all but 
the very long ultraviolet rays, while others were performed with rays 
passed from a I&omayer lamp through a clear quartz cylmder containing 
absorbs the wave lengths between the regions of 3000 
and 4050 Angstrom units and allows only the shorter ultraviolet rays to 
be transmitted. 

Through the courtesy of Dr. C. F. Burnam, of the Howard A. Kelly 
Hospital, Baltunore, the imter was also enabled to study the effects of 
naru Koentgen rays and radium radiations on snake venoms. 
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Pharmacologic Methods of Study. The toxicity or potency of the venoms 
was assayed or tested on mice, rats, guinea pigs, rabbits and cats. In this 
connection, mice were found to be the most useful and economical test 
objects; and nearly 300 experiments were performed on these animals, the 
average weight of which was about 20 pi. Injections in both mice and 
rats were made by the subcutaneous, intramuscular and intraperitoneal 
routes. No marked difference in the onset of toxic symptoms was noted 
after parenteral and intraperitoneal injections, respectively. In order to 
make a more detailed analysis of their pharmacologic action on the circula- 
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Fig. 1. — Disfcnbution"or spectral energy of burner employed in experiments. 


tion and respiration, very dilute solutions of venom were injected intra- 
venously at regular intervals in cats kept under light ether anesthesia. 
Such injections were made through the femoral vein while blood pressure 
tracings were recorded from a cannula inserted into a carotid artery; and 
respiratorj'- tracings were obtained directly through the trachea by a 
method which the author has described elsewhere.’^ Beside the zoopharraa- 
cologic studies mentioned above, parallel experiments were made oh phyto- 
pharmacologic test objects, namely, on the living seedlings of Lupinus 
albus, which have been found to be susceptible to snake venom solutions.’*^ 
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The entire investigation was divided into two distinct parts. 
One series of experiments was devoted to the study of the effects 
of ultraviolet radiations on various suspensions' of snake venoms in 
quartz cells or containers. Another series of experiments was per- 
formed for the purpose of discovering the effect of ultraviolet 
irradiation on animals previously injected with varying doses of 
snake venoms. The object of these experiments was to ascertain 
whether any antidotal or antagonistic, and hence therapeutic, effect 
could be secured by such irradiation. A detailed description of the 
results obtained follows : 

■ Irradiation of Venom Solutions. Effect of Total Radiation. Col- 
loidal suspensions of rattlesnake and cobra venoms were made in 
physiologic saline, placed in rectangular quartz cells, and irradiated 
in the manner described above for varying periods. It was found 
that even a short exposure {i. e., for 5 minutes) of the solutions to 
the rays emitted by the Kromayer lamp produced rapid deteriora- 
tion of their toxicity, as indicated by biological tests on both plants 
and animals. In this respect it was noted that cobra venom was 
somewhat more resistant to ultraviolet rays than rattlesnake venom, 
but all the other snake venoms proved to be sensitive to the radia- 
tions of the mercury vapor lamp. Exposure for 5 minutes pro- 
duced a noticeable decrease in toxicity, while a 10-minute exposure 
to the Kromayer lamp effected a marked deterioration of the venom 
solutions. The results obtained in various experiments are well 
illustrated by Tables 1 and 2, 


Table 1. — Effect op Progressive Irradiation or Cobra Venom With 

Kromayer Lamp. 


In Experiments on Mice. 

1. Injected 0.1 mg. of cobra venom, 

unirradiated. 

Dead in 1 hour and 35 minutes. 

2. Injected 0.1 mg. of cobra venom, 

irradiated 10 minutes. 

Dead in 15 hours. 

3. Injected 0.1 mg. of cobra venom, 

irradiated 20 minutes. 

Made sick but recovered. 

4. Injected 0.1 mg. of cobra venom, 

irradiated 30 minutes. 

Very little toxicity exhibited. 


In Experiments on Lupinus Albus. 

Phytotoxic index of growth of seed- 
lings in 1 to 100,000 solution of 
cobra venom, unirradiated, 53%. 

Phytotoxic index of growth of seed- 
lings in 1 to 100,000 solution of 
cobra venom, irradiated 10 minutes, 
68 %. 

Phytotoxic index of growth of seed- 
lings in 1 to 100,000 solution of 
cobra venom, irradiated 20 minutes, 
79%. 

Phytotoxic index of growth of seed- 
lings in 1 to 100,000 solution of 
cobra venom, irradiated 30 minutes, 
85%. 


Table 1 shows the effect of progressive irradiation of solutions of 
cobra venom ivhen quartz cells containing them were placed against 
the window of the Kromayer lamp. Experiments on both mice 
<ind seedings of Lupinus albus revealed a striking, progressive deteri- 
oration of the cobra venom thus irradiated. Whereas the normal 
killmg time of the solution for mice was 1 hour and 35 minutes, 
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the killing time of the same solutions after irradiation for 10 minutes 
was 15 hours. „More prolonged irradiation rendered the solutions 
no longer fatal. Similarly the phytotoxic index of Lupinus albus 
seedlings grown in a solution of 1 to 100,000, which was originally 
53%, rapidly rose to a higher figure with progressive irradiation of 
the venom. Table 2 shows the effect of venoms of the rattlesnake 
(Crotalus exsul), the South American viper (Bothrops atrox), the 
copperhead (Ancistrodon piscivorus) and of the cobra (Naia tri- 
pudians) on the grmvth of Lupinus albus seedlings. Phytopharma- 
cologic tests were especially useful in comparative studies performed 
simultaneously on various solutions. The table shows the average 
root growth at a temperature of 21° C., for 24 hours, of 50 seedlings 
in solutions of snake venoms as compared with growth of control 
seedlings in normal plant-physiologic solution. The toxicity of the 
venoms both before irradiation and after exposure to the Kromayer 
lamp for 15 minutes is here recorded. In these studies the writer 
emplo 5 'ed a concentration of cobra venom higher than that used 
in the experiments recorded in Table 1. 

Table 2.— Effect op Venoms on Growth of Lupinus Albus. 


^'enom. 

Concentration. 

Phytotoxic index of seedlings 
grown in. 

Emulsion 
Eresh exposed to 

Crotalus exsul .... 

. . 1 to 10,000 

emulsion, 

%. 

36 

Kromayer 
lamp for 15 
min., %. 

77 

Bothrops atrox .... 

. . 1 to 10,000 

55 

100 

Ancistrodon piscivorus . 

. . 1 to 10,000 

44 

100 

Naia tripudians (cobra) . 

. . 1 to 10,000 

32 

ss 


Effect of Long Rays. In order to ascertain accurately tlie effec- 
tiveness of different ultraviolet rays in the detoxification of the 
venoms, experiments were made in which rays from the Kromayer 
lamp were passed through various filters excluding certain wave 
lengths and transmitting others. In this investigation, the two 
filters used were the Wood filter and a chlorin gas filter. The Wood 
filter, made of nickel oxid glass, cuts out all short waves emitted 
by the mercury lamp and transmits only the wave lengths over 
3000 Angstrom units. Solutions of venoms were exposed to rays 
transmitted through such a filter, and it was found that even after 
very long exposures (of 1 hour or more) little or no change had 
been produced in the potency of the venoms. The following 
protocol will illustrate the findings obtained in such experiments: 

Experiment of May 2^, 1934. 

1. Five control mice were each injected vdth 0.1 mg. of cobra venom in 

solution, which had not been irradiated. Average killing time, 1 hour 

and 25 minutes. 

2. Tliree mice were each injected with 0.1 mg. of the same solution, pre- 

viously irradiated for 1 hour by rays passing through Wood filter. 

Average killing time, 1 hour and 30 minutes. 



maciit: ultraviolet rays on snake venoms 


525 


Effect of Short Waves. The effect of the short ultraviolet rays 
emitted by the Kromayer lamp was studied as follows: A clear 
quartz cj'linder containing chlorin gas was interposed between the 
Kromayer lamp and the venom solutions. Such a^ filter cuts out 
all the ultraviolet rays ranging from 3000 to 4000 Angstrom units 
but transmits those of shorter wave length. The following protocols 
indicate clearly that exposure to such short waves for 1 hour pro- 
duced but little decrease in toxicity of the venoms. 

Experiment of May ^S, 19S4-. 

(With Rays Transmitted Through a Chlorin Gas Filter.) 

1. Four mice were each injected with 0.1 mg. of cobra venom solution, 

which had not been irradiated. Average killing time, 1 hour and 

26 minutes. 

2. Four mice were each injected mth 0.05 mg. of cobra venom solution, 

which had not been irradiated. Average killing time, 6 hours. 

3. Four mice were each injected with 0.1 mg. of cobra venom solution, 

which had been irradiated for 30 minutes. Average killing time, 

1 hour and 30 minutes. 

4. Two mice were each injected with 0.1 cobra venom suspension which 

had been irradiated for 1 hour and 15 minutes. Average killing time, 

20 hours. 

5. Two mice were each injected with 0.05 mg. of cobra venom, which had 

been irradiated for 1 hour and 15 minutes. Both recovered. 

Irradiation of Poisoned Animals. — The destructive action of ultra- 
violet rays on snake venom solutions in quartz containers having 
been established, the next step -vvas to inquire w^bether such rays 
are capable of destroying or at least of decreasing the virulence 
of the venoms after they have been injected in animals. Accord- 
ingly, experiments were made on mice to which the venoms w^ere 
administered in various ways; and, after injection, the animals were 
exposed to the rays of either the Kromayer lamp or the Alpine Sun 
lamp. In some experiments, such injections w^ere made subcu- 
taneously; in others, intramuscularly; and in still others, intraperi- 
toneally. The animals in small cages w'ere exposed to the rays of 
the Kromayer lamp at a distance of 20 cc. from the -window. When 
the Alpine Sun lamp urns employed for irradiation, the usual dis- 
tance of the cage containing the animals from the mercury arc 
was about 60 cm. It may be stated at once that control experi- 
ments on normal mice, which had not been injected -with snake 
venom revealed that such irradiation for protracted periods of 
time (i. e., | hour or more) had no deleterious effect on these animals. 

It was surprising to discoA-er that the findings obtained in tests 
on animals were not at all in agreement Avith those obtained in 
experiments in wdnch the renom had been placed in quartz con- 
tainers and e.xposed to ultraviolet radiations. Animals injected 
Avith snake venom and then placed under mercury A^apor lamps 
exhibited no diminution of toxic symptoms. Instead of exerting 
an antagonistic or detoxifying action, the irradiation of the injected 
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mice produced either no difference in the killing time of the animals 
or, as was more often the case, somewhat accelerated the onset of 
death. This was particularly true of cobra venom injections. 
Similar observations were made with Crotalus A'enom occasionally; 
when injections of solutions of this ^•enom were made in the skin 
of the back— that is, in a site from which the poison was not readily 
absorbed— a decrease in the to.vicity or delay in the onset of toxic 
symptoms was noted. Such an effect, however, was never observed 
after injection of cobra venom by any route. 


Table 3.— Effect of InnADiATioN by Alfine Sun Lamp on Mice After Injection 
OF Crotalus Atkox Venom. 


blouse 

No. 

Injected. 

Irradiated. 

1 . 

. Not injected 

30 min. 

2 

0 . 5 mg., subcut. 

Unirradiated 

3 

0 . 5 rag., intraperit. 

Unirradinted 

4 . 

O.Smg., intraperit. 

30 min. 

5 

0 . 5 mg. , intramus. 

30 min. 

G . 

. O.Smg., subcut. 

30 min. 

7 

O.Smg., intraderm. 

30 min. 


in back 



Effect. 

None. 

Dead in 1 hr.. 45 min. 
Dead in 1 lir., 50 min. 
Dead in 1 lir., 24 min. 
Dead in 1 hr., 35 min. 
Dead in 1 hr., 7 min. 
Dead in 5 hr. 


Table 4.— Effect of Irradiation With Kromay-er Lamp on Mice Injected 

IViTH Cobra Venom. 


Mouse 

No. 

Administered, 
% of ms. 

injeete'd. 

After injection. 

Dead in. 

1 . 

. . 0.250 

Subcutaneously 

Irradiated 

17 min. 

2 

. , 0.250 

Subcutaneously 

Unirradiated 

1C min. 

3 . 

. . 0.200 

Intraperitoncally 

Irradiated 

26 min. 

4 

. 0.200 

Intraperitoncally 

Unirradiated 

31 min. 

5 . 

. . 0.100 

Subcutaneously 

Irradiated 

2 hr., 12 min 

6 , 

. . 0 100 

Subcutaneously 

Unirradiated 

2 hr., 37 min. 

7 

. . 0 100 

Intraperitonoally 

Irradiated 

1 hr., 3S min. 

s . 

. . 0.100 

Intraperitoneally 

Unirradiated 

2 hr. 

9 

. . 0.050 

Intraperitonoally 

Irradiated 

3 hr., 19 min. 

10 . 

. . 0.050 

Intraperitoncally 

Unirradiated 

2 hr., 39 min. 

11 , 

. . 0.050 

Intramuscularly 

Irradiated 

2 hr., 19 min. 

12 . 

. . 0.050 

Intramuscularly 

Unirradiated 

2 hr., 39 min. 

13 . 

. 0.025 

Subcutaneously 

Irradiated 

5i hr. 

14 . 

. . 0.025 

Subcutaneously 

Unirradiated 

Died overnight 

15 . 

. 0.020 

Intraperitoneally 

Irradiated 

Bocovered. * 

10 . 

. . 0.020 

Intraporitone.ally 

Unirradiated 

Eccovered. 


The results obtained are well illustrated in the subjoined Tables 3 
and 4. Table 3 shows the effect of irradiation with the Alpine Sun 
lamp on 6 mice, previously injected with rattlesnake (Crotalus 
atrox) venom. The first or control mouse, which was not injected 
with snake venom at all, was exposed to ultraviolet rays and 
exhibited no toxic symptoms. The table shows the killing time of 
mice injected with the venom, some of which were irradiated while 
others were not. No marked difference in the killing time of the 
two sets of mice was noted; only in case of mouse No. 7, which had 
been injected intradermally in the back and exposed to ultra^•iolet 
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rays was the onset of death delayed. Table 4 shows the effect 
produced by injections of various doses of cobra venom in pairs of 
iniccj 1 of which was exposed to ultraviolet radiations while the 
other was not. Here agaiiij it will be noted that very little detoxi- 
fication resulted from exposure of injected mice to ultraviolet rays. 

Since detoxification did occur occasionally when the venom solu- 
tion was injected in locations from which absorption was poor, 
additional experiments were made Avith solutions of venom combined 
with drugs, tending to prevent absorption. Such experiments were 
made with small doses of epinephrin, in some animals, and of 
solutions of sodium sulphate in others; and it ivas found that neither 
of these promoted detoxification of the venoms by ultraviolet rays. 

Analysis of Results. The great difference between the effects of 
ultraviolet rays on snake venoms in quartz cells outside the body 
and their action on these toxins in vivo calls for an explanation. 
Various hjqiotheses may be advanced. It may be assumed that 
after injection the i^enom rapidly combines w'ith body tissues and 
is no longer present in a form easily disintegrated by ultraviolet 
rays. Such an hypothesis does not tally wdth the fact that the 
poisonous action of cobra and other snake venoms for mice is not 
very rapid and that the minimal lethal dose for these animals usually 
produces death in. an hour or more. Again, it may be argued that 
the ultraviolet rays do not destroy the venom injected in those 
animals because they do not suflBciently penetrate the skin and 
tissues of the animals. This view is not tenable, considering the 
fact that ultraviolet irradiations have been proven to be of un- 
doubted efficacy in the treatment of rickets and other clinical 
diseases. Moreover, Macht, Anderson and Bell have showm that 
the penetration of ultraviolet rays, especially those with ivave 
lengths betiveen 3000 and 4000 Angstrom units, through living 
tissue is much greater than ivas formerly supposed. A third 
explanation for the difference between the effects of the rays on 
venoms in quartz cells and their action on the same toxins in vivo 
was obtained by actual experiment. 

Solutions of cobra A^enom AA'ere prepared and divided into tivo 
portions. One-half was placed alone in a quartz cell. To the other 
half of the solution a small quantity of clear blood serum w^as added, 
and the mixture Avas placed in another quartz cell of the same pro- 
portions. The 2 specimens AA'ere irradiated simultaneously AA'ith 
the same lamp for the same length of time. The toxicity of each 
was then tested on mice and other animals. It Avas found that 
e.xposure of the plain venom solution in physiologic saline to the 
ultraviolet rays resulted in a marked decrease in its toxicity. On 
the other hand, exposure to ultraviolet rays of the snake venom 
solution, to Avhich 5% or more of blood serum had been added. 
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produced very little change in its toxicity. The results obtained 
are concretely illustrated by the following protocols; 

Experment of October 9, 1934- 

Mouse No. 1 {Control). 

10.20 A.M.: Injected with 0.5 cc. of 'cobra venona solution (1 mouse 

unit). 

2.10 p.m.: Dead. 

Mouse No. B. 

10.21 A.M. : Injected wth 2 cc. of cobra venom solution (4 mouse units), 

wliich had been irradiated with Kromayer lamp for 
38 minutes, + 0.5 cc. of unirradiated cat serum. 

5.30 P.M.: Veiy slight depression. Recovered next day. 

Mouse No. 3. 

10.22 A.M. ; Injected with 2 cc. of cobra venom solution (4 mouse units) + 

0.5 cc. of cat serum after the mixture had been irradiated 
for 38 minutes. 

3.00 p.m.: Dead. 

It is evident that blood serum e.xerts a protective action for snake 
venom against the destructive effect of ultraviolet radiations. 
Similar experiments were performed with various proportions of 
serum both from cats and from human beings with identical results. 

Another striking illustration of the protective action of blood 
serum was obtained by biochemical experiments of an entirely 
different character. The oxidation reaction of fresh rat muscle 
was studied by Thunberg’s method/® which need not be described 
in detail here. Briefly, it consists of observing the time required 
for the decolorization of a standard solution of methylene blue in 
specially constructed tubes from which all air has been exliausted. 
In such experiments 3 tubes were employed. In 1 tube was placed 
a solution of methylene blue to which a definite quantity of ground 
rat muscle and a small amount of physiologic saline solution were 
added, and the time required for decolorization of methylene blue 
at 37° C. was observed. This was the control experiment. In a 
second tube, a similar solution of methjdene blue with ground 
muscle tissue and cat serum was placed; and 5 mg. of cobra venom, 
previously irradiated with a Kromayer lamp, were also added. In 
the third tube, an equal amount of cobra venom was introduced in 
a solution similar to that mentioned above, but in this case the 
venom used had been previously irradiated together with a similar 
quantity of blood serum. The venom irradiated alone became 
markedly detoxified, as indicated by the rapid decolorization of 
the methylene blue. On the other hand, the venom which had 
been irradiated together with the blood serum underwent little 
change and inhibited the action of the muscle oxidosis, so that no 
decolorization occurred. Such an experiment is illustrated by the 
following protocols. 

A more graphic demonstration of this difference produced by 
irradiation of cobra venom with and without blood serum is afforded 
by the subjoined figures. These are kymographic tracings, showing 







Fig. 3. — Showing effect of injections of a mixture of cobra venom and blood serum 
after 15-minute irradiation with Kromayer lamp. 
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tlie effect of repeated, progressive injections of solutions of cobra 
venom, 1 to 10,000, into the femoral vein of a cat. The records 
indicate the effect on the respiration and circulation and also the 
minimal lethal dose per kilo weight required to kill the animals. 
It will be noted that in Fig. 2 the minimal lethal dose per kilo 
weight of the irradiated cobra venom injected was a little over 
1 mg. In Fig. 3 is shown the effect of a similar solution of cobra 
venom, previously irradiated for 16 minutes by the Kromayer lamp. 
Here the minimal lethal dose was increased to 5 mg., indicating 
that marked detoxification had been produced. Fig. 4 illustrates 
the effect of a similar solution of cobra venom, to which a small 
quantity of blood serum had been added before irradiation was 
commenced. In this case the blood serum that had been added 
to the venom definitely protected it against the action of the idtra- 
violet rays, and the minimal lethal dose was 3.5 mg. per kilo weight 
of the animal. 

Experiment of October 11, 19S4- 

(With Solutions in Thunberg Tubes, Each Containing 300 Mg. of Rat 

Muscle.) 

TttbeNo.l. 

Three cc. of methylene blue solution + 3 cc. of saline + 0.5 cc. of cat* 
serum. 

Decolorized in 3 hours. 

Tube No. 2. 

Three cc. of methylene blue solution + 3 cc. of saline + a mixture of 
0.5 cc. of cat serum and 5 mg. of cobra venom which had been pre- 
viously irradiated with the Kromayer lamp for 15 minutes. 

Oxidation completely inliibited. No decolorization in 24 hours. 

Tube No. 3. 

Three cc. of methylene blue solution -f 3 cc. of saline -f 0.5 cc. of cat 
serum + 5 mg. of cobra venom which had prewously been irradiated 
alone mth the Kromayer lamp for 15 minutes. 

Decolorized in 5 hours. 


Table 5.— Effect of Roentgen Rats and Radium Radiations on Cobra 


Mouse 

Dose 

injected, 

Venom. 

Treatment given doses of cobra venom 


No. 

mg. 

administered. 

Dead in. 

1 . 

. 0.1 

Not irradiated 

1 hr., 25 min. 

2 . 

. 0.1 

Not irradiated 

1 hr., 32 min. 

3 . 

. 0.1 

Exposed to Roentgen rays, 500 Roentgen 

1 hr., 33 min. 

4 . 

. 0.1 

units 

Exposed to Roentgen rays, 500 Roentgen 

1 hr., 52 min. 

5 . 

. 0.1 

units 

Exposed to radium radiations, 1 gm. hr. 

1 hr., 24 min. 

C . 

. 0.1 

Exposed to radium radiations, 1 gm. hr. 

1 hr., 38 min. 


Effect of Roentgen Rays and Radium Radiations. An oppor- 
tunity was afforded the writer by Drs. C. F. Burnam and M. B. 
V) est, of the Howard A. Kelly Hospital, Baltimore, to treat speci- 
mens of cobra venom with Roentgen rays and radium. The results 
obtained are briefly summarized in Table 5. The Roentgen ray 
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dosage employed was 500 Roentgen units. The radium dosage was 
1 gm. hour. The results obtained indicate that these powerful 
but very short ultraviolet rays produce little effect on the venoms 
exposed to them. 

Discussion. The conclusions to which the present investigation 
points are clearly defined. Ultraviolet radiations were found to 
produce a rapid decrease in toxicity of snake venoms in aqueous 
solutions placed in quartz cells, the degree of deterioration being 
proportional to the time of exposure, as biologic experiments on 
both living plants and living animals indicated. In this respect 
the most effective ultraviolet rays were found to be those between 
3000 and 4000 Angstrom units. Even prolonged exposure to such 
longer ultraviolet rays as are filtered tlrrough a Wood filter, on the 
one hand, or to the shorter ultraviolet rays transmitted through a 
chlorin gas filter, on the other, produced little or no change in the 
activit}'- of the venom solutions. Similarly, exposure to hard 
Roentgen rays and to radium radiations resulted in only a slight 
decrease in the activity of the venoms. 

When snake venoms are injected into mice or rats and the animals 
are irradiated for curative purposes, however, the results are dis- 
appointing. The rapid onset of death indicates that there is no 
diminution in the virulence of the poison. Indeed, in many experi- 
ments the irradiation of animals previously injected with venom 
only hastened a lethal outcome. Only in exceptional cases was' 
there any indication of a destructive action of ultraviolet rays on 
venom injected into the tissues of mice. In such cases the venom 
had been introduced in regions where absorption was poor, that is, 
by intradermal injection in the back. Experiments were also per- 
formed with mice to which other drugs were administered simul- 
■taneously with the venom solutions for the purpose of retarding 
absorption from the tissues. Such tests were made wnth injections 
of small quantities of epinephrin, which retards absorption through 
its powerful vasoconstricting action. Other experiments were made 
with injections of hypertensive solutions of sodium sulphate. In 
neither case was death of the animals delayed. 

The great difference betv'een the results obtained in experiments 
outside and inside the body, respectively, cannot be attributed 
altogether to poor absorption of the venoms from the tissues or to 
the lack of penetrating pow'er on the part of ultraviolet rays. The 
experiments described above indicate definitely that certain body 
fluids, and particularly blood serum, exert a protective action on 
snake venoms against the effects of ultraviolet rays; and it is prob- 
ably this mechanism which renders the therapeutic application of 
ultraviolet radiation futile. The most that can be expected is that 
such ultraviolet rays may be useful in snake poisoning when applied 
directly to opened wmunds. When a patient is bitten by a reptile. 



maciit: ultraviolet rays on snake venoms 


531 


the usual procedure is to slash open the tissues at the seat of the 
bite and to apply suction or chemical antidotes to the wound. In 
such cases, irradiation with a mercury vapor lamp may be a useful 
therapeutic procedure, although it is a question whether the presence 
of body fluids may not interfere with the effectiveness of the ultra- 
violet rays. Irradiation of venom solutions in quartz containers 
may also prove to be a useful method of attenuating the poisons 
for the purpose of injection in suitable clinical cases where thera- 
peutic administration of snake venoms is indicated. 

Summary. 1. Exposure of snake venoms in solution to radiations 
of mercury vapor lamps produces progressive decrease in toxicity, 
as indicated by pharmacologic tests on living plants and animals. 

2. The ultraviolet rays most effective in this respect lie in the 
region between 3000 and 4000 Angstrom units, the longer and shorter 
ultraviolet rays being less effective. 

3. Snake venoms exposed to Roentgen rays and radium radiations 
undergo but little change in toxicity. 

4. Mice exposed to ultraviolet rays after previous injection of 
snake venom exhibit no diminution of susceptibility to this toxin 
and usually succumb more quickly than unirradiated animals 
injected with venom. 

5. The difference between the effects produced by ultraviolet 
rays on snake venoms in vivo and in quartz containers, respectively, 
is due primarily to the protective action exerted by blood serum. 
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EFFECTIVE TREATMENT OF ARACHNIDISM BY CALCIUM 

SALTS, 

A Preliminary Report, 

By Elmer W. Gilbert, M.D., 

INSTHUCTOK IN MEDICINE, COLLEGE OP MEDICAL EVANGELISTS; BESIDENT IN MEDICINE, 
LOS ANGELES COUNTY HOSPITAL, 

AND 

Charles M. Stewart, M.D., 

BESIDENT IN UBOLOGT, LOS ANGELES COUNTY HOSPITAL,' 

LOS ANGELES, CALIF. 

(From the Department of Medicine of the College of Medical Evangelists and the 
Los Angeles County Hospital.) 

Im'^ESTiGATioN of the treatment of the black widow spider 
(Latrodectus mactans) bite has been going on since the serious 
results of the bite have been recognized, probably since the begin- 
ning of the 18th century. During the past 10 years this investiga- 
tion has been more scientifically thorough and extensive; but it 
certainly has not produced any definite and easily accessible thera- 
peutic measure which can be depended upon in all cases for the 
immediate and lasting relief of the extreme pain which most of the 
affected patients suffer. The search is indicated not only because 
of the severity of the pain and the mortality, but because of the 
relatively widespread existence of this spider. Cases have been 
reported in 32 states of this country, mostly in the southern half, 
also in South America and Australia, and with less frequency in 
other parts of the world.^’^ 

In the past, numerous therapeutic agents have been used, some 
more or less rational, but mostly without any such basis. Bogen® 
lists 60, such as morphin, whiskey, spirits of ammonia, atropin, mag- 
nesium sulphate, strychnin, calomel, castor oil, iodin, salicylates, 
hot applications, enemas, etc. In our experience, as in that of 
others,^ morphin has been used with indifferent success when 
administered to adults even in large doses. The fallacy lies in the 
fact that it has no effect on the seat of the pain itself, but affords 
variable degrees of relief only by its depressant action on the 
central nervous sjistem. Spinal fluid pressure is known to be 
increased but withdrawal of fluid has been found to give quite 
inconstant results.^ Magnesium sulphate, intraA^enously, which 
probably acts decreasing the cerebrospinal fluid pressure, has 
been used with more or less success, but the relief obtained is 
neither immediate nor complete.®-'* Furthermore, considerable 
technical difficulty would be experienced .in its administration to 
infants or small children. Convalescent serum® has been 
demonstrated to have little or no effect on victims of the venom. 
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The serum must he administered immediately after the patient 
has been bitten, which is impracticable, and one^ of the proponents 
of its use has admitted that the course is unaltered except for being 
shortened by a day or two. Further discussion seems unwarranted 
for we have reviewed a large portion of the literature^ dealing 
with cases of Latrodectus mactans bite and find that no treatment 
is of particular value. 

We have attempted to develop some simple form of therapy 
which will insure early and lasting relief from the excruciating pain 
present in this condition. 

The active principle of the venom has not, as yet, been definitely 
determined, but, as to its mode and place of action, it is quite 
generally accepted that the toxin directly stimulates the myo- 
neural junctions or that it acts on the nerve endings.^-S’i^’-^s To 
find a type of therapy which would have a direct depressant effect 
upon these structures would be ideal. As calcium apparently de- 
presses the neuromuscular junctions-® in muscle or is depressant to 
most nervous and muscular functions,^'^ we selected calcium salts 
for the treatment of this condition. 

We found that intravenous injections of 10% calcium chlorid 
gave instantaneous and prolonged relief of the pain, and at the 
same time produced immediate relaxation of the muscle spasm 
so commonly seen in these patients. However, calcium chlorid is, 
not given thus without considerable danger. Its necrotic action 
on tissue outside a vein is only too well known. This danger is 
greatly magnified when its use is attempted in the treatment of 
children. Therefore, calcium gluconate (10 cc. of 10% solution, 
intravenously), which does not have this objectionable feature, 
was used and found to produce equally as spectacular results as 
the calcium chlorid. The intramuscular route, advisable for chil- 
dren, gave relief within a minute’s time. Calcium lactate orally 
was ineffective as far as determined, probably because of its incom- 
plete and slow absorption. 

Case Reports, Case 1.— C. W., a white male, aged 16, was admitted 
at 6 P.M., October 26, 1934, having been bitten at 3 p.m. in the right shoulder 
region while lying under a car upon ground thickly covered with grass and 
weeds. _ The bite produced a sharp sting. About ^ hour later there was 
dull pain in the right shoulder, gradually becoming more severe and spread- 
ing to the chest and abdomen and then to the legs. Examination revealed 
the patient rolling from side to side because of the excruciating pain. 
The forehead was covered with perspiration. A red area, about 1 cm. in 
diameter, was visible at the site of the bite. Both pupils were dilated. 
Blood pressure was 160/70. Heart and lungs were normal. The abdomen 
revealed board-like rigidity, but no tenderness. Much pain was com- 
plained of in the extremities, but no tenderness or spasticity was elicited. 
Serological study was negative. At 6.20 p.m., before an intravenous injec- 
tion of 20 cc. of 10% calcium chlorid could be completed, the pain and 
muscle spasm had entirely disappeared. At 10.45 p..m., pain returned in 
the legs and another 20-cc. intravenous injection was given. The next 
morning, at about 9 o’clock, the urinary bladder was found distended 
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two-tliirds of the to the umbilicus, but the patient soon voided without 
catheterization. The treatment was repeated at 2 p.m. and at 9.30 p.m. 
and on October 28 at 10 a.m., because of the return of pain in the lower 
extremities. Thereafter, until discharge, at 4 p.m., October 30, there was 
no further pain. Unfortunate^’’, the patient did not search foj the sus- 
pected black widow spider. 

Case 2. — C. G., a Mexican male, aged 16, was bitten on the scrotum 
at noon of November 1, 1934, while seated in an infrequentlj^ used toilet 
in the rear of a garage. Upon feeling the sting, the boj' reached for the 
scrotum and pulled forth a spider wliich was later identified bj^ a phj^sician 
as being a black -uddow. Soon afterward, pains were experienced in the 
abdomen and back and then “everj-Tsdieres,” and later vomiting ensued. 
The patient could not sleep and was admitted, November 2, 1934, 9.30 a.m., 
stiU complaining of marked pain. He was sweating profusely; his eyes 
red and swollen. Heart and lungs were normal. The abdomen was rigid, 
but not board-like. At 11 a.m., 20 cc. of 10% calciiun clilorid was given 
intravenously and the pain disappeared within 30 seconds. At 5.30 p.m., 
because of pain in the throat, 10 cc. of 10% calcium gluconate was admin- 
istered intravenouslj- and was repeated at 10 p.si. -uith instant relief. 
Examination of the tlnoat before gi’vdng medication revealed no lesions. 
On the second daj"^ at 9 a.m., 5.45 p.m. and 8.30 p.m. and on the third da3' 
at 9.15 P.M., 10 cc. of 10% calcium gluconate was given intramuscularlj’’ 
on the return of pain. It was foimd that, except for a slight delaj’’, calcium 
gluconate by this route relieved the pain as effectivelj’ as when given intra- 
venously. On the second and third daj^s, calcium lactate, 120 gr., t'wice 
daily, was given orally but was discontinued because of no apparent results. 
On the second day, 9 hours after anj' intravenous or oral administration of 
calcium, the blood was found to contain 12 mg. of calcium per 100 cc. of 
serum. Serologic studies were negative. The patient was discharged, 
November 6, relieved of all symptoms. 

Case 3.— H. T., a white male, aged 36, on November IS, 1934, about 

7 P.M., on his back porch, felt something crawl do’wn his back, and then 
experienced a burning pain in the right scapular region. In 10 minutes 
the upper back felt numb, followed bj"^ a tight feeling about the chest, and 
in turn severe lumbar p.ain, moderate abdominal pain and pains in the 
legs. The spider was later brought to us and identified as a black widow. 
On admission, at 10.30 p.m. of the same day, the patient was experiencing 
excruciating pains in the lumbar region and lower chest. The blood pres- 
sure was 150/100. The heart aud lungs were normal. There was rigidity 
of the abdomen, but no tenderness. Serologic studj’’ was negative. When 
seen the next dajq the man’s pains were not severe, but at 6 p.m. he was 
foimd tossing and crying because of pain in both lower extremities and in 
the abdomen. Ten cc. of 10% calcium gluconate were given deep in the 
gluteal region, and -ufithin 1 minute the pain had entirety disappeared. 
Thereafter the pains were limited to the legs, but were not at all severe. 
However, another injection was given at noon, November 21, with total 
relief of the pain until discharge on November 23. 

Case 4.— C. H., a white female, aged 69, was bitten 65" a spider about 

8 A.M., on November 6, 1934, on the back of the left hand while handling 
a pair of stockings she had just removed from her clothesline. Without 
an}’’ coacliing whatever she described the creature, giidng the characteristic 
features of a black widow spider. Almost at once there was p.ain in the 
hand which continued. An hour hater, there w.as also pain in the axilla 
which became progressivety worse. On admission, at 10.30 a.m., the 
patient did not seem to be in great pain. The blood pressure was 170/85. 
There was swelling and redness of the dorsum of the left hand and tender- 
ness in the muscles of the arm, shoulder and pectoral regions, without pnj' 
rigidity. The heart, lungs and abdomen were normal, The blood calcium 
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was 10.1 mg. per 100 cc. of blood serum and the blood serologic studies 
negative. By 2 p.m. the pain had increased so that the patient w^as found 
sitting on the side of the tjed holding the left side of her chest and the left 
arm, having an agonizing expression. Calcium gluconate, 10 cc. of 10% 
solution, was given intramuscularly with almost immediate relief of the 
pain, although tenderness remained. There was no further pain and the 
redness and swelling of the hand gradually subsided before discharge on 
the morning of November 10. 

Case 5.— A white male, aged 28, was bitten by a black spider, on Novem- 
ber 6, 1933, on the scrotum while tearing down an old barn. About 2 hours 
later he developed nausea, vomiting, profuse perspiration, excruciating 
generalized abdominal pain, pains in the thighs, legs, arms and forearms, 
and a feeling of tightness and suffocation about the chest and throat. He 
was unable to speak because of “tightness” in the masseter muscles. 
Admitted to St. Vincent’s Hospital, at 9 p.m., November 7, 30 hours fol- 
lowing the bite, he was found screaming with pain, and thrashing and 
rolling about the bed. The skin was hot and moist. Blood pressure was 
160/95. The pulse was rapid but of good quality; temperature, 101° F.; 
respirations, 30. There was board-like rigidity of the abdomen, but no 
tenderness. The reflexes could not be accurately determined because of 
the extreme restlessness. The white blood count was 30,000, ^vith 80% 
neutrophils. At 10 p.m., a 10-cc. ampule containing 1 gm. of calcium 
chlorid was given intravenously with immediate relief of the pain and 
total relaxation of the spastic muscles. Ten minutes later, the patient 
was sitting up in iaed, smoking and drinking and complaining only of some 
aching in the feet and throat. Morphin sulphate, i gr., was given hypo- 
dermically with sleep following. Because of a return of the pain, 7.30 a.m., 
the following day, another ampule of calcium chlorid was given TOth the 
same favorable results. Symptoms again returned, 9 p.m., November 9, 
when 1 gm. of calcium gluconate was taken orally followed by a hypodermic 
of morphin with relief of pain in 15 minutes. Three hours later it was 
necessary to repeat these same drugs and again at 2 p.m., November 10, 
with relief of pain 15 minutes later each time. The patient was discharged 
that evening sj^ptomless. 

Comment. It is evident from the cases cited that the calcium 
salt was responsible for the relief and that the time required depends 
on the method of administration, the intravenous method giving 
the most rapid results, and the intramuscular only slightly slower. 
In spite of the disappearance of the pain in Case 5 Avhen calcium 
was given by mouth, we still believe it is not a desii-able, and in 
fact a futile, route of administration, as shown in Case 2. In Case 5 
morphin was given in conjunction. 

The observation in Case 4 indicates that the symptoms in this 
malady are not due to a lowered calcium as in tetany for the serum 
calcium was within normal range. 

Conclusions. 1. Latrodectus mactans and victims of their bite 
are common enough tlnoughout the rvorld to -warrant search for a 
suitable form of therapy. 

2. No_ remedies have heretofore been reported which produce 
certain, immediate and prolonged relief of pain. 

3. Calcium depresses the myoneural junctions, which, it is 
believed, are stimulated by the venom. 

4. Calcium in the form of calcium gluconate is chosen because 
of Its ease of administration to children by the intramuscular route 
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and because it is practically without hazard when given intra- 
venously. 

5. A limited number of cases are reported to show its efficacy 
in producing real, immediate and prolonged relief. 
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Various attempts have been made to classify lipoid nephrosis 
as a renal disease; but lipoid nephrosis will be satisfactorily defined 
and classified only after its ultimate etiology and pathologic physiol- 
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ogy are fully known. Clinically, this condition is easily recognized; 
nevertheless the diagnosis of lipoid nephrosis should be made with - 
the reservation that some of the cases so diagnosed will prove, in 
the last analysis, to be cases in which the kidneys show insignificant - 
pathologic lesions. This nephrosis syndrome, characterized by 
edema or anasarca, may also be induced by a hypoproteinemia 
following protein starvation and protein loss as in chronic diarrhea. 
Leiter^ estimated that true lipoid nephrosis occurs in 1 to 5% of 
all non-suppurative renal diseases. 

Diagnostic Criteria. 1. History of onset with acute infection. 
Nephrosis generally occurs in the young. 

2. Severe albuminuria, oliguria, ability to concentrate urine, 
absence of hematuria. 

.3. Edema or anasarca. 

4. Lipemia; hypercholesterolemia. 

5. Low serum albumin, high serum globulin, a reversal of the 
normal albumin-globulin ratio of the blood serum. Serum albumin 
below the critical level at which edema begins. 

6. Doubly refractile lipoids in the urine. 

7. Clear transudate in extremities; opaque, milky ascitic fluid. 

8. Systemic (pneumococcic) infection in the terminal stages of 
the disease. 

Pathology. Epstein^ has designated nephrosis as a “diabetes 
albuminuricus,” emphasizing the metabolic origin of this condition. 
He explained the edema on the basis of reduced plasma protein. 
Leiter^ contrasts and correlates nephrosis with chronic glomerulo- 
nephritis. His experimental studies led him to the conclusion that 
loss of serum proteins with its resultant hypoproteinemia is the 
underlying cause of the edema. Amberg^ is of the opinion that the 
comparatively slight structural changes in the kidneys in chronic 
nephrosis exclude it from being classified with renal disease, and 
that depletion in blood proteins alone is not the underlying cause 
of the edema. He believes that there must be certain chemical 
disturbances behind all this. Bell,® leaning upon Senator’s con- 
ception of glomeruloneplu-itis, looks upon chronic nephrosis as a 
nephrotic type of glomerulonephritis, and he believes that the 
primary cause in both nephrosis and nephritis resides in toxic injury 
to the renal capillaries. Plitzrot and Read® see very slight or no 
relationship between nephrosis and glomerulonephritis. Mosch- 
cowitz^ holds that “nephrosis cannot be classified as a disease 
because it has multiform backgrounds in morbid anatomy,” and 
that the fundamental cause of the edema in these conditions is 
hypoproteinemia. 

After due consideration of these views, some of which are con- 
flicting, it is perhaps best that, for the present, the clinician look 
upon neplirosis simply as a well-defined clinical syndrome. It is 
evident that the glomeruli at times do show histologic changes. It 
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is likewise true that such changes are probably not more extensive 
than could be found in other tissues in a well-marked case of this 
disease state. ' It should be recalled here that edema of itself is 
not a sequel to injury or destruction of renal tissue. 



On the whole, available evidence favors the view which has been 
acceptable to Epstein, Leiter, Moschcowitz and others^ that loss 
of serum protein through severe albuminuria causes a fail in osmotic 


Three weeks after acacia. discharge. 
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pressure with resulting edema. Leiter^ and later Moschcowitz^ 
noted the fact that in hypoproteinemia it is loss of the albumin 
fraction which is important, in edema production. The part played 
by the cell is not yet understood, neither are the chemical or physico- 
chemical changes that the cell must undergo to permit the change 
in osmotic pressure. 

Present Experience. Our main interest here is in the striking 
results obtained in the treatment of 2 patients by intravenous injec- 
tions of acacia, as advocated in this country by Hartmann, Senn, 
Nelson and Perley.® Acacia intravenously raises the colloidal 
osmotic pressure of the blood plasma toward the normal. After 
a preliminary smaller dose, it may be given to establish a 2% 
concentration in the plasma, which concentration is obtained by 
administering 1 gm. per kilo body weight. We used a 30% solution 
of acacia with 4.5 % sodium chlorid solution, which should be a clear 
pale yellow. Darker solutions may cause reactions and should be 
avoided. This acacia solution is diluted with normal saline to a 
total volume of 500 cc. and injected slowly. 



Chart 1. — Intake and output — Case 1. 
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Present Ilbiess. The patient was diagnosed and treated as a case of 
nephritis, with a hea^’:^'' cloud of albumin, for 1 year. Six months ago, 
folloTOng an attack of "influenza,” she developed edema of the ankles 
and feet wliich gradually culminated in a generalized edema. She had 
been confined to bed since that time. For the past 4 montlis, she has had 
recurring nausea and vomiting, orthopnea, facial edema and anasarca. 
The case seemed quite typical and a clinical diagnosis of chronic neplirosis 
was made at the time of the consultation with her attending physician. 
Following tliis, she was hospitalized. 

Clinical Findings. There was a generalized anasarca, including edema 
of the face and arms, ascites and massive edema of the lower extremities. 
There was oliguria and severe albuminuria. The serum albumin and total 
serum protein were low while the serum globulin was high. Whereas edema 
may develop when the daily loss of protein reaches 1 gm. per liter per day. 



Chart 2. — Urinary albumin — Case 1. 


this patient’s loss of protein up to the time of the acacia varied between 
1.5 and 8 gm. dailJ^ Hypercholesterolemia was marked. At one tap, 
3100 cc. of milky ascitic fluid were obtained and 3 weeks later 6100 cc. were 
removed. A secondarj’- anemia was found. Blood chemistry, other than 
serum protein, was ‘ ' ’’’’lenolphthalein output was high and 

glucose tolerance wa ■ ■ . . 1 gives the detailed studies of this 

case. 

Treatment — Diet. To meet the caloric requirement, a diet of carbohy- 
drate, 120 gm., protein, 52 gm., and fat, 70 gm., was ordered, "ivitli low 
salt. The patient was kept on this diet for 1 month. During the first 
month there was no improvement. A Carrell diet consisting of 800 cc. of 
milk daily %vas instituted for 5 daj's. This was followed by -oliguria, her 
condition was aggravated and we abandoned the Carrell diet. Follovnng 
this, the patient's diet was adjusted to 1.5 gm. protein per kilo bod3' weight. 







Barach, boyd: hypoproteinemic nephrosis 541 

Half of this protein was given in the form of gelatin. No effects were noted 
over a period of 4 weeks. _ 

Medication. Desiccated thyroid extract (1 to 5 grains, t.i.d.) was not 
effective and was discontinued. Potassium bitartrate in large and small 
doses was not effective. Daily injections of glucose, 10 to 25%, intra- 
venously, did not produce diuresis; its effects were neither good nor bad. 
Calcium lactate was given by mouth and seemed ineffective. Magnesium 
sulphate ounce daily) produced free bowel movements unth elimination 
of a certain amount of Hquid. 

Acacia. None of our therapeutic measures were effective up to the 
time of the first injection of acacia. Altogether 11 injections of acacia were 
given, making a total of 295 gm. in 4 weeks. One intravenous injection 
of 15 gm., 2 of 20 gm. and 8 of 30 gm. each were given at 1- or 2-day inter- 
vals. For the anemia, weekly injections of liver extract intramuscularly 
seemed to induce a favorable response. 



Course and Summary. We have here a typical case of chronic nephrosis 
which responded satisfactorily only after intravenous injections of acacia 
were begun. Diuresis was striking, as is shown in Chart I. For the first 
time in 7 months, the patient showed clinical improvement. Tlie patient 
received m all 11 intravenous injections (295 gm.) of acacia during her 
stay of 72 days in the hospital. During this time there was a loss of 
40 pounds m body weight, most of which was water loss. IWien she was 
first allowed out of bed there was still considerable edema at the ankles 
but this subsided gradually. Six weeks after she left the hospital, there was 
no visible edema and her general condition was good. The urine still 
showed a cloud of albumin, otherwise she showed evidences of a clinical 
recoverj’’. 

On December 1, 1934, 2> years after the beginning of this disease and 
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11 years after the acacia injections were begun, this patient is to all appear- 
ances in good health. She married 7 months ago and is now 6 months 
pregnant. She is in good health and there is no edema. Her serum pro- 
tein is 9.25%, serum albumin, 5.52%, and serum globulin, 3.73%. The 
urine is negative for albumin. All of this is evidence of a return to normal. 


Table 1. — Protocol of Case 1. 



4/26. 

5/4. 

5/10. 

5/16. 

5/20. 

6/G. 

6/10. 

6/20. 

7/19. 

8/9. 

8/16. 

8/30. 

9/6. 

Body weight (pounds) 

IS2 

151 



147 

140 

121} 

115 

120 

119} 

119 

!19j 

124} 

Scrum protein (%) 


6.09 

5.67 

'3.90 


6.10 

7.06 


3.59 


7.65 

3.31 

6.50 

Serum albumin (%) 


2.35 

1.40 

1.61 


2.93 

2.69 


2.00 


4.01 

1.36 

4.10 

Serum globulin (%) 


3.74 

4.27 

2.29 


3.17 

4.37 


1.59 


3.04 

1.95 

2.40 

Blood urea fmEro.) 







10.5 







Blood N.P.N. “ 

28.5 

28.5 





29.6 

29.6 





31.4 

Blood creat'min “ 

2.2 






1.8 




’> 


1.6 

Blood Sugar . " 

115 

65 






90.9 





87 

Blood cblorid " 

500 






663 

534 





478.5 

Blood cholesterol 



428. '6 

42is.'6 



279 

262 





300 

Blood calcium " 





7.2 








9.7 

Icterua index . . . 


21.4 











13 

Hemoglobin (%) 

80 




52 

56 


63 

55.8 

84.1 


87.2 


K. B. U. (millions) . 

4.1 




2.52 

2.94 


6.25 

2.9 

4.38 


5. OS 


W , is. U. (thousanf^l 

11.1 




5.2 

7.0 


9.6 

5.8 





Urinary urea . . . 

4 





0 






13.8 


(gm. per liter) 














Urinary N.P.N. . . 

1.6 





6.05 








(gm. per liter) 














Urinary chlorid . . 









7.0 

6.5 


15.0 


(gm. per liter) 














Unnary albumin . 

5.5 

3.5 

1.8 

8.0 

3.0 

1.9 

1.2 

2.0 

4.5 

7.0 

5.2 

6.6 

3.0 

(gm. per 24 hours) 














P. S. R test . . . 

76% 






1 







Glucose tolerance 



i 

... ; 

1 



... i Norm. 

i 







Case 2.— (Boyd.) Robert O’M., aged 4 years, 3 months, entered the 
Children’s Hospital on August 11, 1932. There was a history of rickets 
and bronchopneumonia at 7 months and tonsillectomy at 3 years and 
3 months of age. 

Present Illness. At the time of his tonsillectomy, the family physician 
had diagnosed kidney trouble, looking forward to improvement after the 
tonsillectomy. Six months later there was morning puffiness under the 
eyes. This became worse and generalized edema gradually developed. 
One year after the albuminuria was first discovered, there was ascites. 
At tills time the patient was hospitalized. 

Clinical Findings. At the time of entrance to the hospital, there was 
weakness, anorexia and swelling of the abdomen, genitalia and lower 
extremities. The blood pressure was 103/70, eye grounds were negative and 
the sinuses, ears, nose and throat were negative. The Wassermann reac- 
tion was negative. The urine showed a heavy cloud of albumin with casts 
and doubly retractile lipoids. His blood chemistry was negative except for 
serum protein, as shown in Table 2. There was anemia and with this a 
periodic leukocytosis. 

Treatment — Diet. The diet was high in protein. Fluid restriction had 
no beneficial effects. 

Medication. Hot and dry packs were ineffectual. Magnesium sulphate 
and jalap were used for catharsis. Thyroid grain, t.i.d., for 5 to 6 weeks) 
was not effective. Urea (in doses of 5 to 15 grains, t.i.d.) was given through- 
out the hospital stay. Calcium gluconate was given, 10 cc., intravenously, 
for 4 injections. Salyrgan was given in doses of -J ampule, but the results 
were not favorable. autogenous vaccine of a non-hemolytic strepto- 
coccus was cultured from the urine. This was inoculated into a suitable 
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Chart 5. — Serum protein — Case 2. 
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donor and several transfusions given to the patient. It may be said that 
none of these therapeutic measures produced a striking result. 

Acacia. On Februar}'" 18, 1933, 7 montlis after entrance into the hospital, 
21 gm. of acacia was given intravenously. Follovdng tliis there was a 
striking diuresis which was followed by dailj’- improvement in the patient’s 
general condition. Up to this time the patient had been in the hospital 
7 months without visible improvement regardless of the various treatments 
attempted. 

Course and Summary. Three months after the acacia injection, he was 
well enough to be discharged from the hospital. On December 8, 1934, 
almost 22 months after the acacia injection, the patient is living a normal 
boy’s life and is apparently in good health. His urine still shows some 
albumin but his serum protein is 8.37 % and his general condition indicates 
a clinical recovery. 


Table 2.— Protocol of Case 2. 



7/7. 

7/14. 

1 8/4. 

8/23. 

i 9/20. i 10/ll.j 11/1. 

1 /n. 

2/3. 

1 2/20. 

3/7. 

4/lS. 

5/16. 

10/16. 

Body wt. (lbs.) 

50 




' 1 

.... 1 .... 

50 

45 

1351 

291 



42 

Serum protein 



' 5.85 

6 58 


7,051 .... 


4.70 

; 5.04 

4.10 

6.38 

7.95 

7.65 

Senim albumin 



1 2.45 

3.98 


2 751 ... 


1.90 

1 3.14 

1,70 

4.08 

3.90 

4.00 

Scrum filobulin 



1 3,40 

2,60 

i .. i 

4,301 .... 


2.80 

j 2.90 

2.40 

2.30 

4.05 

3.65 

Blood urea , 



ill. 6 

7.6 

} 

1 



1 





Blood N.P.N. 

46 

42.8 

'36.1 

30.6 

.25.0 ; 



35.0 


27.3 

42.8 

35.5 


Blood creatinin 

1.4 

1.7 

i * 

1.0 

i •• i 


.... 

1.0 

j 





Blood sugar , 


117 


.... 

1 •• ' 

96.1 i 








Blood chlotids 

.... 

515 

; 


1 i 

i 



i 





Hemoglobin, % 

77 


83 


.77 i 

.. 1 60 

91 


i 55 

50 


64 

78.9 

R.B.C. fm’l’ns) 

4.2 


! 4.25 


f 3 95j 

.. , 3.15 

4,65 


1 2.9 

2.7 


3.35 

4.65 

W.B.C. (th’s’d) 

16.2 


112.2 


; 9.9 1 

.. 1 12,1 

9.1 


I32.S 

12.8 


9.6 

13.3 

P.S.P. test . 

Trace 




[ j 

1 



i 





Doubly retrac- 






1 








tile lipoids . 





1 j 

.. 11/3 



i 





Urinarj’ alb. . 

++++ 

++++ +++ ++++ +++'+++;++++;++++ ++++;+4-+ 

■+"4*+ 

++ 

-i-f 

0.23 


Summary and Conclusions. A case of chronic lipoid neplrrosis in 
a young woman, aged 20, and one in a boy, aged 4, are reviewed. 
Neither patient showed evidences of improvement until acacia was 
given intravenously. One case received 11 injections, totaling 
295 gm. acacia, the other required only 1 injection to start the 
diuresis and bring about a clinical recovery. In both patients 
there was a striking diuresis following the acacia injections. Sys- 
temic reactions from the acacia injections were mild and without 
ill-effects. Intravenous injections of acacia as used here have 
produced the most striking therapeutic effects that we have ever 
seen in chronic nephrosis. 
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The question of the extent of glycemia and glycosuria produced 
in patients suffering from diabetes mellitus by the ingestion of 
dextrose and of an equivalent amount of starch has received but 
little study. 

Allen/ in a paper on the effects of carbohydrate diets on diabetes, 
makes the following statement; “Numerous observations have 
made it evident that glucose brings on glycosuria and diabetes 
more actively than starch. The difference is not merely one of 
quantity, for the addition of 50 or 100 gm. of glucose is sometimes 
effective when no amount of bread feeding avails for glycosuria. 
The reason for the readier glycosuria from glucose lies evidently 
in its quicker absorption, and if distributed in sufficiently small 
doses throughout the day it would presumably be assimilated as 
well as starch, as Klemperer showed in human patients. The most 
important point here is that the sudden glucose flood with its 
attendant glycosuria is more injurious to the pancreatic function 
than the more gradual and prolonged labor imposed by starch. 
It may thus be inferred that sugar is a more dangerous food for 
hmnan beings with any predisposition to diabetes than is starch.” 
He states further: “In the early stage glucose is more powerful 
than starch in producing diabetes, and animals which are progressing 
toward complete recovery on starch diet can be sent into hopeless 
diabetes by admixture of glucose.” 

As far as normal individuals are concerned, Howell- states that 
the more slowly converted starch may be eaten in larger amounts 
than the rapidly absorbed sugar without raising the percentage of 
blood sugar above normal. He further points out that during the 
4 or 5 hours required for starch digestion the entire quantity of blood 
in the body goes through the mesenteric arteries many times, and 
it is probable that even in the portal vein the quantity of sugar 
is never much above normal. As any small excess is largely held 
back by the liver cells, systemic hjqierglycemia does not occur. 

It has been shown by MacLean,^ and also by Rosenthal and 
Ziegler,^ that the rise in the concentration of the blood sugar in 

* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 
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normal individuals after the ingestion of equivalent amounts of 
dextrose and starch is identical. 

In this paper the results of experiments on the influence of the 
ingestion of dextrose and of an equivalent amount of starch on 
glycemia and glycosuria in patients suffering from diabetes mellitus 
will be reported. 

Method. Experiments were performed on 21 diabetics. To 10 of them 
100 gm. of dextrose, in a 20% aqueous solution, were given in the morning 
after a fast of 14 hours. Blood (venous) specimens were taken at the 
“fasting level” immediately before ingestion, 45 minutes and 2 hours after 
the ingestion of dextrose. The sugar content of the blood was determined 
by the Folin-Wu method.^ The urine was collected at the end of 45 minutes 
and 2 hours after ingestion of the dextrose, and its sugar content deter- 
mined by Benedict’s method. 

Two days later, also in the morning after a fast of 14 hours, 90 gm. of 
starch* were given. The blood was taken and the urine collected at the 
same periods as when dextrose was given. In the interval between tests 
the patients were on their customary diets. Those who had been taking 
insulin continued to do so. 

The same procedure was carried out on 11 other diabetics mth tins 
important difference, namely, that the starch was given first and the 
dextrose 2 days later. 

Table 1.— Concenteation of Dextrose in the Blood and Quantitt op Dex- 
trose IN THE Urine After the Ingestion of 100 Gm. op Dextrose and 
90 Gm. of Starch. 


(In t h is ser ies of cases the d ex trose was given first and the' starch 2 days later.) 



Blood sugar (mg. per 100 cc. of blood). 

1 Urine sugar (em.). 

1 

Case 

1 Fasting level. 

45 minutes 
post cibum. 

2 hours 
post cibum. 

0 to 45 minutes 
post cibum. 

45 minutes 
to 2 hours 
post dbnm. 

Total, 

0 to 2 hours 
post cihnm. 

No. 














, Dex- 
1 trose. 

Starch. 

De-x- 

trose. 

Starch. 

Dex- 

trose. 

Starch. 

Dex- 

trose. 

Starch. 

Dex- 

trose. 

Starch. 

Dex- 

trose. 

Starch. 

I . . . 

333 

326 

508 

500 

576 

451 

10.8 

11.6 

32.0 

24.8 

42.8 

36.4 

2 . . . 

300 

375 

460 

546 

546 

SOS 

2.7 

11.3 

21.1 

19.6 

23.9 

30.9 

3 . . . 

' 375 

395 

500 

600 

556 

6S2 

4.8 

5.5 

13.5 

22.7 

18.3 

28.2 

4 . . . 

214 

230 

344 

374 

410 

380 

5.0 

6.8 

13.2 

16.0 

18.2 

22.8 

5 . . . 

170 

196 

20S 

272 

410 

384 

0.12 

0.67 

2.9 

5.6 

3.0 

6.2 

6 . . . 

272 

222 

460 

405 

556 

390 

4.2 

2.8 

15.7 

13.9 

19.9 

16.7 

7 . 

294 

303 

46S 

405 

6S0 

600 

5.7 

5.3 

11.5 

12.9 

17.2 

18.2 

8 . . . 

300 

332 

46S 

500 

556 

546 

5.2 

6.0 

13.5 

16.3 

18.8 

22.4 

0 , . . 

272 

318 

566 

423 

468 

492 

3.1 

1.4 

13.8 

15.0 

16.9 

16.4 

10 , , . 

221 

280 

404 

428 

600 

566 

1.7 

2.0 

14.1 

14.3 

15.9 

16.3 

Means 

275 7 

297 7 

43S.6 

445.2 

535, S 

500.2 

4.34 

5.34 

15.14 

16.12 

19.48 

21.46 

Difference 













between means 23.0 

6.6 

35.6 

1.0 

0.9S 

1.9S 


* The elementary formula for starch is (CjHjoOj) ■vrith a molecular -sreight of 
n(162). The molecular weight of dextrose (CsHisOe) is ISO. The complete hydrolysis 
of 90 gm. of starch yields 100 gm. of dextrose. In this experiment the starch was 
given in the following form: 



Total, 

Carbohydrate, 


gtn. 

Rin. 

Potato 

.... ISO 

30.0 

Barlej' 

.... 30 

22.4 

Rice 

.... 30 

22.4 

Bread (toast) 

.... 30 

15.0 



89.8 


The starch was thoroughly cooked or baked, for raw starch is hardly acted upon 
by either salivary or pancreatic diastase. 
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Analysis of Results. In Table 1 are recorded the concentrations 
of blood sugar and amounts of dextrose in the lu’ine after the inges- 
tion of equivalent amounts of dextrose and starch, where the dex- 
trose was ingested first. Statistical analysis* (Table la) does not 


Table lo. — D ifferences in the Concentration op Dextrose in the Blood 
■ AND the Quantity of Dextrose in the Urine After the Ingestion op' 
100 Gm. op Dextrose and 90 Gm. of Starch. 

(Where dextrose is ingested first and starch 2 days later.) 



Blood sugar-t 

Urine sugar.! 

Case No. 

Fasting 

level. 

45 mins, 
post 
cibum. 

2 lira, 
post 
cibum. 

0~45 mins, 
post 
cibum. 

45 mins, 
to 2 hrs. 
post 
cibum. 

Total, 

0-2 hrs. 

post 

cibum. 

1 

-7 

-8 

-122 

+0.8 

-7.1 

-6.4 

2 . . , 

+09 

+86 

-38 

+8.0 

-1.6 . 

+7.1 

3 . , . 

+20 

+100 

+126 

+0.7 

+9.2 

+9.9 

4 

+ 16 

+30 

-30 

+1.9 

+2.8 

+4.6 

5 . . , 

+26 

+64 

-26 

+0.5 

+2.7 

+3.3 

6 . . 

-50 

-55 

-166 

-1.4 

-l.S 

-3.2. 

7 . . . 

+9 

-63 

-80 

-0.4 

-4-1.3 

+0.9 

8 

+32 

+32 

-10 

+0.8 

+2.8 

+3.7 

9 . . . . 

+40 

-144 

+24 

-1.7 

4-1.2 

-0.5 

10 

+59 

+24 

-34 

+0.3 

+0.2 

+0.5 

Mean difference (x) 

+22 

+6.6 

-35.6 

+1.00 

+0.99 

+1.99 

n' 

10 

10 

10 

10 

10 

10 

fe 

Vn' 

10.80 

23.89 

25.14 

0.906 

0.882 

1.612 

t 

2.037 

2.076 

1.417 

1.105 

1.118 

1.314 

P 

0.076 

0.79 

0.19 

0.30 

0.29 

0.22 


* The method of analysis used was that developed by R. A. Fisher (Statistical 
Methods for Research Workers, 3d ed., London, Oliver and Boyd p. 104, 1930). 
The principle of the method is first to calculate the mean differences between the 
results obtained with two different experimental procedures. According to Fisher’s 
method, whether or not the difference is significant, is determined as follows: A 
certain statistical value t is calculated from the data with the aid of a formula given 
Mow. Then taking into account the number of cases in the series a value P is 
den-rod by consulting tables in Fisher’s book. P represents the frequency ivith 
which a value of t (sic. N.B., points) greater than the one obtained in the study 
could found purely as a result of chance alone. The convention is to assume that 
when P IS less than 0.05 the observed difference is significant. 

For example, let us consider the results for the fasting blood sugar level The 
mean difference, designated by x, is in this instance +22, the plus sign indicating 
that the value is higher after the administration of starch. The value of t is derived 
as follows: 


J,' - „'I=] . _ ,0(22.0,.] . 


11C.G4 


t = 


= 2.037 


§] _ 1 
n' ~ n'(n' 1) 

_ 22.0 

S ~ 10.8 

If nowtte table in Fisher’s book is consulted it is found (when n = 9, where n = n' 

that P - 0 n-r° ® and when t = 2.037) by interpolation 

is Hence, by the convention referred to above the difference found 

t TiTsII®"®! in Table 1. 

me^nt^l^tb ^ difference was taken .as positive when the values in the expori- 

Sr. "dth dextrose were 
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reveal any significant dift'erences in the mean concentrations of the 
dextrose in the blood at all levels. Also, the quantities of dextrose 
excreted in the urine are almost identical. 

It might be argued that the giving of 100 gm. of dextrose caused 
a reduction in tolerance so that the blood sugar curve when starch 
was given was higher than it otherwise would have been. One of 
us (M. W.)5 has performed 2 dextrose tolerance tests within a 
period of 2 days on each of 30 diabetics, usmg 100 gm. of dextrose 
as the test dose. Careful study of their tolerance b^efore and after 
this procedure did not reveal the slightest depreciation of their 
capacity to utilize carbohydrates. 

To answer this objection more directly, another series of cases 
was studied in which the starch was given first and the dextrose 
2 days later. The results in this series (Tables 2 and 2o) strikingly 
confirm the validity of the conclusions drami from the previous 
study. In fact, the mean differences obtained here are even smaller 
than in the first exjDeriment. 

Table 2 . — Concentration of Dextrose in the Blood and Quantity op Dex- 
trose IN THE Urine After the Ingestion of 90 Gm. of Starch and 100 Gm. 
of Dextrose. 

(In this series of cases the starch was given first and the dextrose 2 days later.) 



i 

Blood sugar <mg. per 100 cc. of blood). 


1 

j Urine sugar (gm.). 

Case 

Fasting level, 

1 1 

45 minutes 

! 2 hours 

1 Total. 0 to 2 hours 

No. 

post cibum. 

i post cibum. 

post cibum. 


' i 

Stareh. 1 Dextrose, ! 

Starch. 

Dextrose. 

! Starch. 

1 

Dextrose. 

1 St.arch. 

{ Dextrose. 

1 

1 

256 

330 i 

1 

' 424 

504 

' 436 

525 

( 

21.2 

16.57 

2 

304 

372 ' 

1 380 * 

480 

j 554 

533 

, 33.2 

29.4 

3 

320 

400 

1 499 

512 

! 546 

586 

' 33.0 

31.9 

4 

296 

267 

! 432 

364 

j 500 

410 

S.O 

8.3 

6 

29S 

307 

‘ SIS 

439 

* 546 

592 

10.9 

7.8 

6 

284 

i 251 j 

486 

414 

570 

441 

18,7 

10.7 

7 

334 

318 

498 

480 

562 

546 

4.5 

12.7 

s 

267 

270 i 

435 

440 

520 

[ 606 

IS. 9 

17.1 

9 

310 

263 j 

476 

444 

. . . 


3.9 

4.5 

10 

200 

238 

308 

400 ! 

i 350 

1 sk 

6.8 

12.0 

. 11 

244 ' 

‘ 239 ! 

' 435 

41G 

[ 

' 435 

1 

! 488 1 

17.9 

17.3 

Means 

1 283.0 

! 295.7 

445.2 

i 450.3 

502.7 1 

526.1 

16.09 1 

16.57 

Difference 

1 







between 12 

,72 

1 5 

09 

i 23 

.4 

0.48 


means 


A second possible objection is that in the first series the concen- 
tration of dextrose in the blood, though lower at the “fasting level,” 
was higher at the “ 2-hour level” when dextrose was given. Hence, 
when the rise in the concentration of dextrose in the blood is con- 
sidered it is conceivable that the difference's might be significant. 
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For that reason a special statistical analysis was made of the differ- 
ence in rise from the “fasting level” to the “2-hour level,” In the 
first series (where dextrose is given first and starch 2 days later), 
it was found that P = 0.021, a value less than the conventional 
limit of significance, which is 0,05. However, the value is not low 
enough to rule out the possibility of coincidence. This is borne out 
by a similar analysis of the second series (where starch is given first 
and dextrose 2 days later), where it was found that P = 0.84, a 
value which indicates that the rises in concentration of dextrose in 
the blood were practically identical. 


Table 2a . — Differences in the Concentration of Dextrose in the Blood 
AND THE Quantity of Dextrose in the Urine After the Ingestion of 
90 Gm. of Starch and 100 Gm. op Dextrose. 

(Where starch is ingested first and dextrose 2 days later.) 


Case 

No. 

Blood sugar.* 

Urine sugar.* 

Fasting 

level. 

45 minutes 
post cibum. 

2 hours 
post cibum. 

Total, 

0 to 2 hours 
post cibum. 

1 . . . . 

-74 

• -80 

-89 

-9.4 

2 ... . 

-68 

-94 

+21 : 

+3.8 

' 3 ... . 

-so 

-13 

-40 

+1.1 

4 ... . 

-1-31 

+68 

+90 

+0.3 

5 ... . 

-9 

+79 

-46 

+3.1 

6 ... . 

+33 

+72 

+129 

+8.0 

7 ... . 

+16 

+18 

+16 

-8.2 

8 ... . 

-3 

-5 

-86 

+1.8 

9 ... . 

+47 

+32 


-0.6 

10 .... 

-38 

-152 

-176 

-5.2 . 

11 .... 

+5 

+19 

-53 

+0.6 

Mean difference x 

-12.72 

-5.09 

-23.4 

-0.48 

n' .... 

11 

11 

10 

11 

8 

Vn' 

13.75 

22.56 

28.44 

1.57 

t 

0.926 ■ 

0.224 

0.823 

'0.306 

P 

0.38 

0.83 

0.43 

0.77 


* The sign of the difference was taken as positive when the values in the experi- 
ment with starch were larger, and as negative when the values with dextrose were 
larger. 


Comments, As stated above, it is the contention of Allen, which 
is accepted by_ Joslin,« that dextrose brings on glycosuria and dia- 
betes more actively than starch and that the sudden dextrose flood 
when dextrose is ingested is more injurious to the pancreatic function 
than the more gradual and prolonged labor imposed by starch. The 
findings made by us offer direct proof that such is not the case, 
i he glycemia and glycosuria after the ingestion of dextrose and of an 
equivalent amount of starch by diabetes are not significantly different. 
Dextrose, therefore, is no more injurious to the diabetic than starch.. 

vot,. 189, NO. 4. — ^APML, 1935 19 
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Conclusions.* 1. In patients suftering from diabetes mellitiis, the 
glycemia and glycosuria after the ingestion of dextrose and of an 
equivalent amount of starch do not differ significantly. 

2. It may be then concluded that from this point of view dextrose 
is no more harmful to the diabetic than starch. 

We are indebted to Dr. Alexander S. Wiener for statistical analysis of the data. 
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DERMATITIS GANGRENOSA. 

A Complication of Diabetes mellitus. 

By Samuel S. Eiven, M.D., RA.C.P. 

ASSISTANT PROFESSOR OF CMNICAD MEDICINE, DEPART.MENT OF MEDICINE, 
VANDERBILT UNIVEHSITT' MEDICAL SCHOOL, NASHVILLE, TENNESSEE. 

Gangrene in diabetes is ordinaril}'' confined to tlie lower extremi- 
ties and is of a progressive nature. Usually it is associated with 
marked degenerative changes in the peripheral vascular system 
with obliteration of the blood supply to the involved part. Super- 
ficial lesions of the skin without evidence of arteriosclerosis, trauma 
or infection are rare. In the case reported here there was complete 
destruction of the superficial and subcutaneous layers of the skin 
with necrosis and gangrene without any evidence of peripheral 
atherosclerosis. To this the term “Dermatitis Gangrenosa” has 
been applied. 

Case Report. A white female, aged 40, a known diabetic for 3 years, 
was admitted to the Vanderbilt University Hospital October 8, 1931, after 
being unconscious for 14 hours following the ingestion of a heavy carbo- 
hydrate meal. Except for the typical diabetic coma the examination was 
essentially negative. The blood sugar was 570 mg., the urine showed 30% 
glucose and contained acetone and diacetic acid. The usual treatment for 
diabetic coma was given and within 6 hours she regained consciousness. 
The following day she was still somewhat drowsy, the urine showed 
2% glucose and no acetone bodies. Plwsical examination revealed over 
the right kidney area posteriorly a huge bleb, surrounded by an area of 
edema, filled vitli a yellowi.sh watery material. There were similar lesions 
on the posterior surface of both legs. None of these was painful. The 
distribution of the blebs over the lower extremities, seemed to be only over 
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those areas where pressure had been made at points where the legs had been 
crossed. Several theories of the cause of these blebs were considered. _ First, 
an allergic reaction to insulin; second, trophic changes as a complication 
of the diabetes mellitus; and third, a vascular disturbance of an obhterating 
type rvith the lesions appearing at pressure points. , 

The lesions became more widespread with a scattered distribution over 
the back and the posterior surface of the thighs and legs. The first bleb 
ruptured and new ones formed. Beef insulin was substituted for pork 
insulin and calcium chlorid was given but the blebs continued to appear. 
On October 11, 40 hours after the onset of these lesions it was noticed that 
superficial ulcers formed at the site of the blebs and that there was a necrosis 
of the skin and some ecchymosis around the necrotic areas. On the back 
of both thighs, on the back of the right calf and on the inner side of the left 
calf particularly over the area where the legs crossed each other there 
appeared sharply circumscribed superficial areas of tissue destruction 



Fig. 1. — The lesions of the skin showing the blebs, the superficial ulcers and necrosis 

of the skin. 


ivliich over most of these areas had gone on to gangrene. They were sharply 
circumscribed. The gangrenous area was sunken and there was a small 
zone of erythema around each one (Fig. 1). Over the back there was a 
series of similar lesions. There was considerable induration around the 
lesions. The dorsalis pedis arteries were palpable but the patient com- 
plained of numbness, tingling and tenderness over both feet. There was 
little evidence of peripheral vascular disease as far as the larger arteries 
were concerned. Cultures of the fluid in the blebs repeatedly showed a 
heavy growth of Staphylococcus aureus; probably due to secondarj-- infection. 

After tlie first 10 days, although new blebs continued to appear, an 
occasional one would be found on the legs and back. These ruptured and 
left the gangrenous ulcers described above. At the end of 4 weeks the ulcers 
began to improve, the change was characterized by thick, painless kera- 
tinous crusts which were followed by scaling and healing. The skin lesions 
were treated with dry heat in the form of baking continuously applied to 
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the exposed surface at a temperature as high as the patient could tolerate. 
No dressings, ointments or solutions were used. On December 23, wlien 
she left the hospital, the lesions on the back had scaled off leaving a purplish 
discoloration. The ulcers on the legs, although considerably smaller, were 
still present and covered by hard keratinous scales. (Fig. 2.) Although the 
lesions were painless she complained of cramp-like pains in the extremities. 

Course in the Hospital. About 10 days after admission to the hospital 
she was awakened at 3 a.im._ with a sharp pain in the left chest associated 
with cough, and expectoration of yellowish sputum. This was associated 
rrith generalized aching and a febrile rise to 103 ° F. There were no physical 
signs at first, later examination of the lungs revealed the presence of a 
slightly impaired percussion note with slightly harsh and high pitched 
breath sounds and numerous r^es persisting after cough, over an area 
between the fourth and sixth dorsal spine just at the border of the left 
scapula. The amount of sputum increased, had a sweetish foul odor and 
varied from 4 to 6 ounces daily. Roentgenograms of the chest showed the 



Pig. 2. — Three months later, showing healing and scaling with little scar formation. 


presence of a mass in the region of the left hilus interpreted as lung abscess. 
She was placed on postural drainage and after 1 month roentgenograms 
showed definite healing. A roentgenogram taken March 2, showed com- 
plete healing of the abscess, and there has been no cough, expectoration 
or fever since then. 

On admission the patient had a temperature of 102° F. The fever was 
intermittent in character with an afternoon rise to 102° and 103°, and a fall 
to normal during the night and morning. From October 22 to November 
20, 1931, the temperature remained elevated and associated with this rise 
there were marked prostration and cramp-like pains in the extremities but 
no pain or tenderness over the ulcers. Alter November 9, the temperature 
fl[uctuated between 99.5° and 100° F. and each febrile rise was associated 
vith the expectoration of large quantities of mucopurulent sputum. The 
sputum gradually diminished in amount and by December 23, she was 
raising less than 1 ounce daily, A total of 8 sputum examinations were 
negative for tubercle bacilli. Blood cultures and agglutination tests were 
reported negative. There was a slight anemia present, hemoglobin 10 gm.; 
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red blood cells 3,600,000; white blood cells 10,500 per c.mm. There was 
never any marked leukocytosis. , • j 

The diabetes was easily controlled. The diet on discharge contained 
2500 calories, including 55 of protein, 210 of fat and 100 of carbohy- 
drate with 56 units of insulin daily. ... 

By December 23, after 102 days in the hospital, the patient was dis- 
charged. Her condition was improved but she was far from cured. The 
lesions on the back had scaled off and left a purplish brownish pigmentation. 
She continued to use the hot bakes at home, weighed her diet carefully, 
and took 56 units of insulin daily. By January _3, the temperature came 
dmvn to normal and remained there. She coinplained vigorously of cramp- 
like pains in the extremities, but not over the site of the lesions. On January 
15 the pain was less and she tried walking. It was noticed that after lower- 
ing her feet a purplish discoloration developed at the site of the lesions. 
The legs were elevated for a few days and another attempt was made to 
exercise them, this time there was no discoloration and walking was encour- 
aged, until she could walk about the house fairly well without much pain. 
She did, however, notice that on standing for any length of time a swelling 
would appear around both ankles. The cramp-like pains in the right leg 
entirely disappeared but she still complained of some prickling and darting 
pains in the left leg. Her general condition appeared good, the fasting 
blood sugar after her discharge from the hospital varied from 90 to 130 mg. 
per 100 cc. of blood. 

Discussion.— Grangrenous lesions of the skin may be classified in 
three groups, (1) those due to circulatory disturbance, such as 
occur in Raynaud’s disease and diabetes mellitus, (2) those that 
occur as trophic changes and, (3) those due to infections and caused 
by specific organisms. .The last type mentioned is that which 
occasionally occurs in children with the acute exanthemata and is 
characterized by superficial necrosis. It is also found associated 
with certain acute inflammatory processes, usually abscesses in 
which drains have been placed. 

The onset of dermatitis gangrenosa is marked by fever, perhaps 
a chill and prostration. The lesion may first be inflamed or first 
make its appearance as a large bleb surrounded by an area of 
edema. The subsequent ulcer extends dovm. to the subcutaneous 
tissue, and when the overlying skin disappears granulations with 
shaggy fragments of slough are found. Bloodvessels 'are greatly 
dilated, filled with broken down pus cells and red cells. The margin 
of the gangrene is covered with a fibrinous exudate filled with neu- 
trophils. The base of the ulcer is necrotic and covered with a sero- 
purulent exudate. There is a narrow light red areola of hyperemia 
extending around the periphery. There may be Ijunphangitis and 
enlargement of the regional lymph nodes. Healing is characterized 
by the formation of a crust followed by scaling and healing. 

There is no satisfactory explanation for the development of this 
fonn of dermatitis but careful studies have recently appeared con- 
cerning a bacterial etiology. Although no specific factor has been 
found, Brewer and hleleney^ have been able to produce gangrenous 
ulcers by inoculation exiieriments in animals. In their investiga- 
tion, the non-hemolytic streptococcus, the hemolytic staphylo- 
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coccus, and a diphtheroid organism were found. When the first 
two were inoculated separately in animals very little reaction 
occurred. When they were injected together gangrene was produced. 
From these results Brewer and Meleney^ concluded "that a sjto- 
biotic function, or combination of functions of these two organisms 
may be necessary for the production of gangrenous ulcers.” Besides 
this work numerous instances of such lesions have been reported 
in the literature. It is interesting to note that most of the cases 
have followed an appendectomy for appendiceal abscess. Cullen," 
Brewer and Meleney,i and Shipley® report such cases. Lynn'* 
reviewed the literature and reports 29 cases of postoperative gan- 
grenous ulcer of the abdominal wall. Of these 15 occurred in males 
and 14 in females, and all followed appendicular abscess or peritoni- 
tis. However, Gatewood and Baldridge® and hleleney® have 
reported gangrenous ulcers following the injection of scarlet fever 
antitoxin. IVarfield’' reports a case in a patient with alcoholic 
neuritis and obesity. None of these ulcers have extended any 
deeper than the muscular aponeurosis and in no instance has there 
been any history of syphilis or diabetes mellitus. 

Several exiilanations may be oft'ered for the development of 
‘ ‘dermatitis gangrenosa” in this case. One, a vascular disturliance of 
an obliterating type with lesions occurring at pressiu’e points in a 
patient with a slow circulation and low blood pressure such as 
occurs in diabetic coma. The other explanations, also speculative, 
involve such factors as an extensive capillary bed, slow circulation, 
hyperglycemia, and bacterial invasion of the skin. 

Treatment has been under discussion, and no agreement seems to 
have been reached. Probstein and Seelig® have used blood from 
immunized donors. Cullen,® Shipley,® Ballin® and Lynn'* have 
been able to check the process and prepare the ulcer for skin grafting. 
Some have used quartz light and foreign protein shock. The fact 
that this has responded to such a gamut of therapy proves there is 
no accepted specific treatment. In our case treatment was directed 
toward the diabetes, and the extremities were kept warm. 

Conclusion. A case of dermatitis gangrenosa is reported. Gan- 
grene in diabetes is frequent especially where there are marked 
degenerative changes in the peripheral vascular systems. In such 
instances, however, gangrene is confined to the lower extremities. 
Superficial lesions are rare. An explanation for the development 
of the lesions is outlined. 

REFERENCES. 

1. Brewer, G. E., and Meleney, F. L.: Ann. Surg., 84, 4.3S, 1920. 

2. Cullen, T. S.: Surg., Gynec., and Obst., 38, 579, 1924. 

3. Shipley, A. M. : Ann. Surg., 87, 245, 1928. 

4. LjTin, F. S.: J. Am. Med. Assn., 97, 1597, 1931. 

5. Gatewood, W. E., and Baldridge, C. W.; Ibid., 88, lOOS, 1927. 

6. Molenev, F. L. : Ann. Surg., 91, 287, 1930. 

7. WarOeld, L. M.: Ann. Clin. Med., 5, 884, 1927. 

8. Probstein, J. B., and Scelig, M. G.: Surg., Gjuicc. and Obst., 47, 247, 1928. 

9. Ballin, Max, and Morse, P. E.; Am. J. Surg., 11, 81, 1931. 



TEMPERATURE DETERMINATIONS 


555 


TEMPERATURE DETERMINATIONS IN THE FEMALE PELVIS 
DURING DIATHERMY. 

By Edward A. Horowitz, M.D., 

ADJUNCT GYNECOLOGIST, BETH ISRAEL HOSPITAL, 

David Derow, M.D,, 

ASSISTANT IN PHYSICAI^ THERAPY. BETH ISRAEL HOSPITAL, 

AND 

William Bierman, M.D. 

ATTENDING PHYSICIAN, DEPARTMENT OP PHYSICAL THERAPY, BETH ISRAEL AND 
SYDENHAM HOSPITALS, NEW YORK CITY. 

(From the Departments of Physical Therapy and Gynecology of the Beth Israel 
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The markedly divergent opinions as to the therapeutic efficacy 
of diathermy in the treatment of pelvic inflammatory disease may 
be due to variations in the technique of its application. Obviously, 
the degree of temperature elevation and its duration bear a direct 
relationship to the therapeutic result obtained. Thus it is not 
surprising to note that Scheffey and Schmidt,^ who produced temper- 
atures between 101.5 to 102° F. as indicated by the thermometer in 
the vaginal electrode, did not obtain the same results as did Cherry® 
and others, who "created temperature elevations between 108 and 
110° F. as indicated by the vaginal electrode thermometer. 

For the sake of accuracy the evaluation of therapeutic results 
should be related to the temperature elevations in the various parts 
of the female pelvis and the duration of these temperatures. 

There is no method by means of which one may determine the 
degree of tissue heating which occurs during a pelvic diathermy 
treatment other than by direct thermal measurement. The reading 
of the milliamperemeter is no definite guide, because the heat pro- 
duced by the passage of the high-frequency current varies with the 
extent of the area of tissue in contact with the electrode; the shape 
of the electrode; the character of the tissues traversed by the current; 
the integrity of the local circulation; the effectiveness of the thermo- 
regulatory mechanism of the patient as well as the duration of cur- 
rent flow. The only way, therefore, to know the temperatures ob- 
tained dm-ing a treatment is by means of actual measurement. 
We have made such temperature determinations in order to guide 
us in the development of a technique which would produce the 
maximum amount of pelvic heating. 

The heating effect of diathermy upon the structures of the female 
pelvis has been noted by several observers. These temperature 
determinations were made by means of a thermometer inserted 
into a vaginal electrode.® Because it was obvious that a thermome- 
ter so inserted measured the temperature of the metal composing 
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the electrode and not that of the tissues in contact with it, the 
channel containing the thermometer was extended to tlie surface 
so that the tip of the thermometer bull) was brought into contact 
with the vaginal mucosa.^ In the effort to determine more accur- 
ately the temperatures developed in the treated tissues it was 
urged that thermometers be placed in the tissues and in no way 
incorporated into the electrode/ The temperatures registered by 
these thermometers rose to 110° F. and after a few minutes 
the temperature would drop 1 to 2°. To reestablish an original 
temperature level it was necessary to increase the current/ 

Observations have been made of the heat produced in the urinary 
bladder by means of diathermy. It has been shown that the rate 
of heating depends upon the concentration of the solution contained 
within the bladder.® 

Diathermy produces an increased urinary secretion.’'- This 
increase has been explained as due to a dilatation of the bloodvessels 
of the kidney. 

The application of diathermy to the pelvis causes an elevation of 
general body temperature.®-^-'® 

It has been shown that the use of "trans-pelvic diathermy” 
administered by means of plate electrodes placed externally (ante- 
rior posteriorly) does not cause any appreciable heating of the 
pelvic organs.'*- On the other hand other observers have 
reported increases of rectal temperature as high as 3.6° F. by means 
of this technique.'^-'® 

Method. We have studied temperature changes produced by intra- 
pehdc diathermJ^ The pulse rate, mouth temperature and the temperature 
of the voided urine were first determined. The patient was then placed 
upon the table and draped as for the usual gynecological treatment. A 
flexible metal belt, wliich we use as our dispersive electrode, was placed 
about her waist and connected to one terminal of the d’Arsonval vdnding 
of the diathermy machine. Thermometers were inserted as desired, into 
urethra, bladder, cer\ix or rectum for the measurement of the local tempera- 
tures during treatment. A lubricated vaginal electrode was inserted so 
that its conca^-itj-^ faced anteriorly and its upper end passed beneath the 
cervix into the posterior vaginal fornix. The vaginal electrode was con- 
nected with the other terminal of the d’Arsonval winding. This electrode 
(developed by Dr. Derow) is made in three .sizes. The largest size com- 
patible vith the patient’s comfort was used. A clamp support held the 
electrode and the thermometers in the various orifices. 

We used clinical thermometers to measure the temperature of the urine 
directly after the patient had voided into a paper cup. We determined 
that the urinarj-- temperatures obtained by this method were about one 
degree lower than their true values. 

To determine the temperatures developed within the tissue of the cervix 
we employed a thermocouple made of chromel-copal mres inserted through 
capillary glass tubes placed within I.ypodr-rmic needle. With the coopera- 
tion of our physicist — Mr. INIyron r-'ch»-.'.':ri /ciuli: ' m - made certain that the 
thermocouple readings accurately measured the temperatures of the treated 
tissues.'® 
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Results. The readings of the vaginal electrode thermometer 
will here be designated as vaginal temperatures. If the strength 
of the diathermic current is rapidly increased^ to reach the maximal 
milliamperage within 3 or 4 minutes, the vaginal temperature rises 
rapidly. When 2000 to 2500 ma. were applied in this manner, 
in the course of 34 treatments (Table 1), the maximal vaginal 
temperature, averaging 108.4° F., was usually reached in 10 minutes. 



Fig. 1. — Clamp support for electrode and thermometers. 


Although the milliamperage remained constant, a drop in tempera- 
ture occurred averaging 2^°, during the ensuing 15 minutes. This 
was followed by a very gradual, slight elevation amounting to about 
"2 of 1 ° by the end of the 45-minute treatment. 

If we increased the milliamperage gradually, at a rate of 200 ma. 
each minute, until the maximum of 2000 to 2500 ma. was attained, 
there was a more gradual and somewhat greater elevation of the 
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vaginal temperature. As shown in Table 2, during 21 treatments 
administered in this manner, the maximal vaginal temperature, 
averaging 109.8°, was reached in 16 minutes. This was followed 
by a drop of 3.3° during the succeeding 14 minutes. The vaginal 
temperature thereafter averaged but a |° higher than during the 
treatments in which the current had been rapidly increased. 



Fig. 2. — Dcroir vaginal electrode, three sizes. 


The addition of more current just before the usual time of the 
drop in vaginal temperature, occasionally prevented and usually 
diminished this drop. After much experimentation, the best sus- 
tained vaginal temperature was found to be achieved by the follow- 
ing technique; Depending upon the bulk of the patient and the 
size of the vagmal electrode, the pelvic diathermy treatment was 
started with 1200 to 1500 ma. Ten minutes after the beginning of 
treatment, the current was increased another 500 ma., and this 
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was repeated 5 minutes later. Further increases were at 5-minute 
intervals, if necessary to maintain the temperature level. It was 
rarely necessary to exceed 3000 ma. 


Tablb 1. — Vagin AT, Electrode Temperatures During Pelvic Diathermy 

Treatments. 



No. of 
treat- 
ments. 

Maxi- 

mal 

temp. 

When 

reached, 

min. 

Drop 

to: 

When 
reached, j 
min. 1 

Temp, 
end of 
treat- 
ment. 

( 

2000 to 2500 ma. applied in first 3 min. 

34 

10S.4 

1 

10 

105.9 

15 

106.4 

200 ma. every min. for 10 to 12 min. 
to 2000 or 2500 ma j 

21 

109.8 

16 

106.5 

14 

1 

106.9 

All cases recorded, various techniques ! 

255 

108.8 

19 1 



j 107.5 

i 


We have recorded the vaginal temperatures during 255 pelvic 
diathermy treatments administered to 40 patients. The average 
maximal temperature was 108.8° F. attained 19 minutes after the 
beginning of treatment. At the end of treatment, usually after about 
45 minutes, the vaginal temperature averaged 107.5°. The highest 
vaginal temperature registered during any treatment was 112.5° F. 

Throughout each treatment simultaneous observations were made 
every 5 minutes of the temperatures registered by the vaginal elec- 
trode thermometer, and by thermometers placed in one or more 
adjacent cavities. .. 

Rectal Tenvperatures. Rectal temperatures were measured by 
means of a long mercury thermometer inserted a measured distance 
into the rectum, and held in place by the clamp support. 

The highest rectal temperatures were recorded at a distance be- 
tween 3 and 5 inches from the anal orifice (Table 2). Below 3 
inches and above 5 inches the rectal temperatures were lower. 
With two thermometers registering simultaneously at varying dis- 
tances within the rectum, temperature differences were similar to 
those shown in the table. 


Table 2.— Rectal Temperatures at Varying Depths During Pelvic 
Diathermy Treatment. 

Penetration of 

thermometer, No. of 

inches. treatments. 

9 


3 
31 

4 

41 

5 
f) 


6 

10 


35 

17 

54 

3 

7 

3 

191 


Average rectal (all depths) 

Average vaginal temperatures 255 



When 

Temperature 

Maximal 

reached. 

end of 

temp. 

min. 

treatment. 

105.0 

39 

104.9 

106.3 

32 

105.8 

105.7 

19 

104.7 

107.1 

22 

106.2 

107.3 

21A 

105.9 

107.7 

22 

106.5 

108.7 

27 

106.7 

107.1 

15 

106.1 

103.9 

25 

103.9 

107.3 

20 

106.1 

108.8 

19 

107.5 
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In Table 2, it is seen that the average rectal temperature deter- 
mined during 191 treatments, closely followed the average vaginal 
temperatine, attaining its maximum at almost the same time, but 
remaining a degree and a half lower throughout. 

Urethral and Bladder Temperatures. The temperatures regis- 
tered within the bladder increased with the depth to which the ther- 
mometer was inserted. Three and 4 inches, from the urethral 
meatus, the average maximal bladder temperatures were within a 
half degree of the average maximal vaginal temperatures, but were 
attained 6 to 13 minutes later. These deep bladder temperatures 
were better sustained than were the vaginal or rectal temperatures. 
At the end of treatment, the average bladder temperature had 
dropped but three-tenths of a degree from its maximum and was 
actually higher than the average terminal vaginal temperature. 

The uretliral temperatures averaged about 3 degrees lower than 
the deep bladder temperatures. 


Table 3. — Uhethbal and Bladdeb Tempebatdkes During Pelvic Diathbrmi' 
Treatments. With Thermometer Continuously at Indicated Depths 
From Meatus. 


Penetration of When Tfempemture 

thermometer, No. of Maximal reached, end of 

inches. treatments. temperature. min. treatment. 

1 9 105.6 23 105.0 

U 98 105.8 '26 105.3 

2 20 106.5 29 106.2 

3 12 108.2 32 107.9 

4 4 108.7 25 108.4 


Average vaginal temperatures 255 108.8 19 107.5 


Urine Temperatures. Using the paper cup and clinical ther- 
mometer method previously described, the temperature of the urine 
before treatment averaged 98.4° F. on 271 occasions. 

The temperature of the urine voided within a few minutes after 
the termination of treatment averaged 105° F. on 116 occasions. 
Since the determinations by this method proved to be about a 
degree lower than their true values, the temperature of these urines 
really averaged about 106° F. 

In a few cases the urine was drained directly into a thermos 
bottle by means of a catheter, the catheter and thermos bottle 
having been previously heated to 100° F. Urine temperatures of 
107° F. and over, were several times recorded by this technique. 

Changes in Urine Concentration. Following about two-thirds 
of the treatments there occurred a diminution in the specific gravity 
of the urine varying between 0.002 and 0.014-- averaging 0.005. 

Mercury Thermomder Measurements of Cervical Canal Tempera- 
hires. Temperatures vdthin the cervical canal were recorded 
simultaneously with the vaginal electrode temperatures during 8 
pelvic diathermy treatments. We made certain by verifying its 
position at the termination of the treatment, that the entire bulb 
of the thermometer lay within the cervical canal. The cer^n■cal 
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temperatures closely followed the vaginal, averaging about 1 degree 
lower. 

Thermocouple Measurement of Cervical Tissue Temperatures. In 
order to observe how the temperatures recorded by means of a ther- 
mocouple compared with the readings of a mercury thermometer, 
we inserted a thermocouple needle together with the bulb of a mer- 
cury thermometer into a cervical canal. The electrode was then 
introduced into the vagina, its end passing under the cervix without 
disturbing the cervical thermometers. The preliminary readings 
of the thermocouple and the thermometer in the cervix were almost 
identical (Table 4), while the vaginal electrode had not quite warmed 
up to body temperature. When the diathermy current was turned 
on, the thermocouple registered the elevation in temperature a little 
more rapidly than the cervical thermometer. Nineteen minutes 
from the beginning of the treatment the temperature recorded by 
the thermocouple, cervical thermometer and vaginal electrode 
thermometer simultaneously reached their peaks, with the thermo- 
couple registering a temperature 0.9° F. higher than the mercury 
thermometer beside it. The subsequent drop in thermocouple 
temperature was also more rapid as was the further drop when the 
diathermy current was turned off. These differences are explained 
by the greater sensitiveness of the thermocouple. In this case the 
temperatures registered by the vaginal electrode thermometer 
were exceeded by the cervical canal temperatures. 

Table 4. — Thermocouple and Mercurt Thermometer Side by Side in Cervical 

Canal. 



Cervical temperature. 





■ — > 

Vaginal 



Mercury 

electrode 

Time. 

Thermocouple. 

tliermometer. 

temperature. 

3:17 

. . 98.5 

98.6 

96.6 

3:18 — 2000 ma. on 




3:20 

. . 101. S 

101.0 

100.0 

3:22 

. . 103.0 

102.6 

102.0 

3:24 

. . 104.0 

104.0 

102.8 

3:26 

. . 104.4 

104.2 

103.4 

3:28 

. . 106.6 

106.0 

105.4 

3:30 

. . 108.1 

107.5 

106.5 

3:35 

. . 108.9 

108.0 

107.0 

3:37 

. . 107.6 

107.8 

106.6 

3:39 

. . 106.3 

106.5 

. 106.0 

Machine off 




3:40 

. . 104.1 

105.0 

104.0 

3:44 

. . 100.0 

100.8 

100.0 


The thermocouple needle was inserted into the cervical tissue at 
different places. During the treatment, simultaneous observations 
were made at 2-minute intervals, by one worker with the thermo- 
couple and by another reading the thermometers in the vaginal 
electrode and cer^^cal canal. Thermocouple temperature usually 
was within 1 or F. of the vaginal temperature. 
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In one instance avc oJisein'ed that the cervical tissue temperature 
rose to only 105° P. Avlien tlie vaginal electrode thermometer read 
109.5° F. In a few observations the temperature of the cervical 
tissue (as determined by thermocouple) was from 2 to 3° F. lower 
than that recorded by the vaginal thermometer. 

\ja^ina\ Tewpecalure — average of 255 (reatmenfs. 

Rectal •' *" " 191 " 



Chart I, — Average vaginal and rectal temperatures during diathermy. 


Month Tempcrahire Changes Folhtoing Pelvic Biatlicrmy Treat- 
ments. An elevation of mouth temperature occurred following 
215 (81 %) of 264 pelvic diathermy treatments administered to 41 
patients. This elevation varied between 0.1 and 2.4° F., the aA^erage 
being 0.7° F. A drop in mouth temperature followed 24 of the treat- 
ments. This drop varied between 0.2 and 1°, averaging 0.35°. 
Following the remaining 25 treatments, no change of mouth tem- 
perature was obserA'ed. 

PtiUe Changes FoUomng Pelvic Diathermy Treatments. Of 
267 treatments, 214 (80%) were folloAA^ed by elevation of the pulse 
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rate, varying between 2 and 34 beate per minute and averaging 12 
beats per minute. 

In most instances the pulse elevation was accompanied by an 
elevation of mouth temperature. OccasionaUy the pulse was acceler- 
ated without a change of mouth temperature or even with a slight 
drop of mouth temperature. In a few cases there was an elevation 
of mouth temperature while the pulse was unchanged or had dropped 
a few beats per minute. 

The Pelniic Heating by External Plate Electrodes. The highest 
internal temperatures which we have observed in any case during 
transpelvic diathermy, using large anterior and posterior plates, 
were; rectal 103.2° F., vaginal 102.2° F., bladder 101.9° F. The 
thermometers had been inserted at a depth of 3 inches into each of 
the orifices. A posterior plate 15 by 9 inches was used, and an 
anterior plate of 9 by 9| inches. The treatment lasted 45 minutes and 
the maximal current was 2000 ma. The patient was uncomfortable 
during the latter part of the treatment because of excessive heating 
under the plates. An elevation of 1.2° F. in mouth temperature 
followed this treatment. During 8 other treatments with large 
anterior and posterior plate electrodes, the milliamperage averaged 
1500 ma. The maximal rectal temperatures varied between 99.6 
and 101°, the vaginal between 99.5 and 100.5°, the bladder between 
99.8 and 100,5°. The cervical temperature never exceeded 99.9°. 
The temperatures mentioned were the maximal during the individual 
treatments. They were attained toward the end of treatment. 
The temperature of the urine voided after these treatments showed 
no appreciable elevation. 

The region most heated by diathermy when applied with external 
plate electrodes appears to be the skin under the pubic margin of 
the abdominal plate. On one occasion a temperature of 109° F. 
was registered by a thermometer with its bulb under the abdom- 
inal plate at this point, 11 minutes after the beginning of treatment. 
1500 ma. were used. The temperature under the electrode dropped 
during the ensuing 23 minutes and at the end of the 45-minute 
treatment was 105° F. It is interesting to observe that the tem- 
perature under the abdominal plate electrode when plotted on a 
chart shows the same characteristic drop as does the temperature 
curve obtained when using the active vaginal electrode technique. 

Pehnc Diathermy xoith Rectal and Belt Electrodes. The pelvic 
organs may be effectively heated by diathermy when using a large 
rectal electrode in place of the vaginal electrode. The rectal elec- 
trode should have a large surface area so that a large amount of 
current may be applied without injury. A cylindrical electrode 
4 inches long and f to 1 inch in diameter, with a rounded end, is 
convenient for use in adults- For children we use a cylindrical 
rectal electrode 3 inches long. With the belt electrode about the 
waist and the large rectal electrode, 2000 to 2200 ma. are well 
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tolerated, and produce a temperature in tlie vagina of 106 to 108° F. 
After such treatment the bladder urine is likewise heated. We 
use the rectal electrode infrequently, chiefly for the treatment of 
virgins, because patients find its insertion somewhat disagreeable. 

Discussion of Results. The average values reported are a rea- 
sonable true index of pelvic heating, but variations were encountered 
in individual cases. This is inevitable because the heating of the 
tissues by the current depends not only on the strength and duration 
of the current flow and the areas of application of the electrodes, 
but also upon the electrical resistance of the tissues. In addition 
there are variations due to differences in physiologic and pathologic 
conditions. 

The vaginal electrode constructed of metal, is an excellent con- 
ductor of electricity and is not itself heated by the passage of the 
current. As it is also an excellent conductor of heat, it more or less 
rapidly assumes the temperature of the tissues with which it is in 
contact. 'V\flien an electrode is equipped with a thermometer, the 
bulb of which is enclosed within it, the temperature recorded is 
the resultant of the temperatures of all points in contact with the 
electrode. 

In the electrode which we used, the thermometer lies in a metal 
channel extending tluough the shaft into the active part of the 
electrode. About two-thirds of the surface of the thermometer 
bulb is in contact with the metal channel and the remainder is 
exposed for contact with the vaginal mucosa. For experimental 
purposes one of these electrodes was made with an additional 
channel for insertion of a second thermometer, inside the electrode. 
Simultaneous readings were made of the two thermometers, one en- 
tirely enclosed within the metal, the other partiallj’' in contact with 
the mucosa, throughout the diathermy treatment. It was found 
that the latter thermometer (the arrangement we use in practice) 
showed a slightly more rapid rise in temperature, was at first J to 
1° higher and reached its maximum 4 or 6 minutes before the ther- 
mometer within the electrode. During the latter part of the treat- 
ment the two thermometers agreed fairly closely. We consider 
the thermometer in the vaginal electrode a valuable index of pelvic 
heating and a reliable guide during treatment. 

By means of the paper cup-clinical thermometer method pre- 
viously described, we measured the temperature of the urine before 
and after 35 Elliot treatments"® administered at our clinic. The 
bladder temperatures attained during these treatments, as measured 
by a mercury thermometer introduced several inches beyond the 
urethral meatus, varied between 103 and 105.8° F, The urines 
voided after treatment, however, averaged but 99.4° F. The highest 
urine temperature was 101° F. Although the bladder wall had been 
heated tlirough by conduction, the urine was evidently heated very 
little. During' pehdc diathermy treatments the heating of the 
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bladder wall averaged but 2 or 3° higher than during the Elliot 
treatment, yet the temperatures of the bladder urine averaged 5|° 
higher. This could be explained by a direct heating of the urine 
itself, by the diathermy current. 

The heating of the fluid in the bladder by the current and the well- 
sustained bladder temperatures suggest the likelihood that other 
fluid collections adjacent to the vagina, such as occur in the course of 
pelvie inflammation, may be heated simiIarl 3 ^ 

The relatively lower urethral temperatm’es reported by us, aver- 
aging almost 3° below the vaginal temperatures, demonstrate that 
the electrodes used were not adapted for maximal luethral heating. 
The electrodes were primarily intended for the treatment of pelvic 
inflammation and in a deep vagina, lay well above the urethra. 
Longer vaginal electrodes have recently been constructed. 

Our intracervical temperature determinations were made by 
means of thermometers inserted within the cervical canal. We 
followed this procedure only in non-infected cases and under aseptic 
precautions. Otherwise, we would consider this procediue a poten- 
tially dangerous one. To quote Cm’tis, "There is distinct danger 
of low grade salpingitis from repeated instrumentation of the infected 
cervix. We, therefore, do not consider it advisable routinely to 
insert a thermometer into the cervical canal and to keep it there 
throughout each pelvic diathermy treatment as suggested by 
Royston, Ewerhardt, Roblee and Zener.'* 

In considering the elevation of mouth temperature following 
80% of our diathermy treatments, it should be remembered that 
the patients were draped with a sheet, just as for any other gyneco- 
logic treatment. No extra covering was used for the purpose of 
lessening heat dissipation. The fact that mouth temperature 
elevation did occur shows that heat was introduced into the bodies 
of these patients faster than they were able to dissipate it. 

Conclusions. By means of a vaginal electrode equipped with a 
thermometer, the vaginal temperature was observed during 255 
pelvic diathermy treatments. 

A technique is described by means of which the vaginal tempera- 
may be maintained at a high level. 

By means of merciuy thermometers in cervix, bladder and rectum, 
the temperatiues developed in these parts were found to follow 
closely the vaginal temperatiue, averaging but 1 or 1|° F. lower. 

The use of a thermocouple needle demonstrated substantial heating 
of the tissue of the cervix. 

The bladder urine was also heated to a high degree. 

It has, therefore, been found that with the electrodes and milli- 
amperages used, the reading of the thermometer in the vaginal 
electrode is a true indication of the temperatures attained in adja- 
cent tissues. 
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Mouth temperatiue and pulse were elevated in 80% of the treat- 
ments. 

The ineffectiveness of “trans-pelvic diathermy” hy external 
plate electrodes as a method of pehdc heating was once more demon- 
strated. 
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ACUTE PRIMARY DIAPHRAGMITIS (HEDBLOM’S SYNDROME). 

By Minas Jo.annides, M.D., M.S., F.A.C.S., 

CONSULTING THORACIC SURGEON IN CHARGE OP THE PNEU.MOTHOR.AX CLINIC, SIUNICIPAL 
TUBERCULOSIS SANIT.VRIUM; .ASSOCIATE IN SURGERY, COLLEGE OP MEDICINE, 
UNn'ERSITY OF ILLINOIS, CHICAGO, ILL. 

(From the Pneumothorax Clinic, iMunicipal Tuberculosis Sanitarium, and the Depart- 
ment of Surgery, College of Medicine, University of Illinois.) 

For some undetermined reason acute primary inflammation of the 
diaphragm went unrecognized and some neighboring organ received 
the blame for the trouble. Even in the works of Hippocrates^ a 
mere mention is made of the anatomic aspects of the diaphragm. 
(Hippocrates’ term “ acute phrenitis,” of course, refers to inflamma- 
tion of the brain, not of the diaphragm.) We mention this point 
because of the recent popularization of such misnomers as phrenico- 
exairesis, or phrenicectomy, terms used for operations on the phrenic 
nerve which intend to paralyze the diaphragm in the treatment of 
pulmonary tuberculosis. 

Obviously, the cacophonic term "acute diaphragmitis ” is resorted 
to because the muscle is knoivn by only one name, It would be 
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more euphonious as well as serviceable to refer to this entity as 
“Hedblom’s syndrome” in honor of Dr. C. A. Hedblom who has 
devoted his life to thoracic surgery and died a few minutes after 
delivering one of his numerous presentations, all of which aided in 
placing the specialty of thoracic surgery on a popular footing. 

This condition first attracted our attention in 1931, when we saw 
a patient with the following clinieal picture: 

Case Reports, Case 1.— Mr. P, D., a Greek fruit peddler, aged 38, 
was caught in the rain, October 11, 1931, and remained wet for 8 hours. 
By the time he reached home he developed a severe chiU, a temperature of 
103 ° F. and an abdominal pain. The pain was generalized at first, but later 
became localized in the right side of the alidomen. llTien seen by us, 
2 hours after onset of the chill, the patient had painful breathing (ponopnea) 
and the only comfort he could have was in a sitting position. At this 
time the lungs showed no evidence of any involvement. There was a 
detoite muscle spasm in the abdomen but generalized to the whole right 
side. The patient was sent to the Columbus Hospital, where a conservative 
regime was instituted in view of the absence of vomiting and leukocytosis. 
A basal pneumonia of the influenzal type was suspected. The patient 
was given inhalations of oxygen until his breathing became less labored 
and morphin until the pain subsided. He was kept in a semi-Fowler posi- 
tion because it gave the greatest comfort. 

The next day the patient had a friction rub and subcrepitant rMes in 
the right base. By October 14 the s 3 Tnptoms in the abdomen disappeared. 
He showed some tendency to cough but refrained because of pain it pro- 
duced. On the next day the temperature came down to normal and 
remained there until he left the hospital, on October 16, 1931, Wlien 
discharged he stiU complained of slight pain in the back of his chest on 
deep inspiration but the lungs showed no stethoscopic or other evidence of 
involvement. He was tagged with a diagnosis of influenzal pneumonia, 
but we were not satisfied with that classification because of the atypical 
picture of a pneumonia or appendicitis. 

The exact etiology of the above syndrome revealed itself to us 
when we saw a patient who died following a perforated peptic ulcer. 
At autopsy he revealed a massive inflammation of the diaphragm 
with the formation of thick fibrinous exudate extending to the pleural 
side. An analysis of certain similarities of the symptom complex 
in the 2 cases lead us to assume that the diaphragm was really at 
fault in the first case. The following is a report of the second 
patient: 

Case 2.— -Mr. G. K., a German salesman, aged 47, enjoyed excellent 
health with the exception of a right inguinal hernia. No history of previous 
gastro-intestinal trouble. He developed the hernia 8 years ago by hitting 
a hea^y suitcase. The company surgeon advised a truss which he wore 
for 8 years. Present illness started on April 3, 1932, with a severe stabbing 
pain in the abdomen which developed when he attempted to get up from 
bed. There was nausea but no vomiting, urinaty retention or hematuria. 
\\ hen seen 30 minutes later, the patient was in agony. He presented a 
tjpical Blippocratic facies with sunken cheeks and eyeballs, beads of cold 
perspiration on his forehead and temples. The knees were drawn. Even 
the jarring of the bed aggravated the pain in the abdomen, which was 
rigid. Respirations were labored and painful. The pulse ' 
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from^68 to 74 per minute. There was definite tenderness over the sac of a 
hernia which would not remain reduced because of the marked straining 
by the patient. The truss caused severe pain when applied and was 
therefore removed. The pain did not subside even with morphin, given 
in 2 doses of | gr. each at an interval of 15 minutes. An examination of 
the chest showed no pulmonary or cardiac lesions to account for these 
sjnnptoms. The patient was sent to the Columbus Hospital. There was 
no doubt that he presented an acute surgical condition of the abdomen, 
but was in shock, had a hernia which may have been strangulated and also 
presented signs of an upper right quadrant lesion that required surgical 
intervention. Of 3 surgeons who saw him, 2 decided against intervention, 
while the third insisted on a laparotomy, either in the upper abdomen or 
at the site of the hernia. A perforated ulcer was suspected but a Roentgen 
ray film revealed no pneumoperitoneum. On admission the white count 
was 6000 but on the following day it rose to 30,000. The severity of the 
condition was discussed vith the wife, and the advisability of an exploration 
was discussed with her. As she refused operation, a watcMul waiting regime 
was followed. 

The pain in the abdomen persisted and was somewhat relieved by the 
use of opiates in large doses. The ponopnea persisted. There was no 
cough and no vomiting. The respirations were entirely costal in type, 
while the abdominal wall remained entirely rigid and immobile. A chest 
examination 24 hours after admission revealed mucous rales on both sides 
anteriorly and in the axillary areas. The facies of agony remained until 
the patient went into coma, about 5 hours before death, on April 6, 1932. 
About an hour before death there was persistent frothing from the mouth, 
indicating an acute edema of the lung. 

At autopsy (Dr. Nora) the lungs showed acute edema, with no free 
pleural fluid. The diaphragmatic surface of the right lung as well as the 
pleural surface of the diaphragm showed a thick gray exudate with fibrinous 
adhesions between the lung and the diaphragm. The heart showed no 
important gross lesions. The abdomen contained some free seropurulent 
exudate. The serosal vessels of the whole bowel were injected. No 
gangrene was present. Above the hepatic flexure 500 cc. of thick grajdsh- 
3 ’’ellow fluid were pocketed between the liver and the diaphragm. The 
peritoneal surface of the diaphragm showed a thick deposit of grayish- 
j'ellow bread-and-butter type of exudate. On further investigation a pre- 
pjdoric perforated ulcer was located on the side of the lesser curvature. 
The perforation was the size of a dime; the area around it showed no 
induration. On section, the diaphragm was 3 times the thickness of its 
mate on the left side. The cecum and the site of the hernia, showed no 
important lesions. There were no lesions in the pancreas, thus eliminating 
our suspicions of a possible hemorrhagic necrosis. 

Analysis of this case reveals a silent prepyloric ulcer which on 
perforating caused a hyperacute diaphragmitis and local peritonitis 
as evidenced by the ponopnea and the board-like rigidity of the 
abdominal muscles. The ulcer may have been covered at a previous 
time by means of protective local peritoneal reaction. The ulcer 
undoubtedly perforated into this sac, thus preventing a generalized 
peritonitis. It is obvious why the patient did not have any vomit- 
ing since there was a relative absence of a generalized peritonitis. 
The diaphragm, therefore, received the greatest insult and conse- 
quently we noticed clinically an immobilization of the diaplnagm 
■as evidenced by costal breathing, ponopnea and painful cough. 




Fig. 1.— Case 3. Roentgenogram, taken on August 9, 1934, shows a definite 
rise of the right diaphragm. There is a slight obliteration of the normal dome of the 
diaphragm, and also a definite infiltration in the right hilum. 



Fig. 2.— Case 3. Roentgenogram, taken on August 14, 1934, shows the hilar 
Shadow cleared up. There is a rise of the diaphragm on the right side. The dome 
01 the diaphragm is still e\-ident. 
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The similarity of this sjmdrome in the 2 patients as evidenced 
by abdominal pain, painful respiration and immobilization of the 
diaplu-agm lead us to suspect that the primary factor in the first 
case was an acute diaphragmitis. That such a syndrome is possible 
has been proven to our satisfaction by the third case, in which we 
have been able to demonstrate roentgenologically an immobilization 
of the diaphragm and the subsequent evidence of diaphragmatico- 
pulmonary adhesions. 

Case 3.— Mrs. E, A., a Greek housewife, aged 40, presented herself on 
July 30, 1934, complaining of headache, nasal' discharge and sore throat. 
On August 9, 1934, she called us to see her at the Garfield Park Hospital, 
because of pain in the region of the costal margin, at the angle of the 
scapula and the upper right quadrant of the abdomen. She placed her- 
self under the care of a neighboring physician, (Dr. P. Hatzis), who made 
a diagnosis of right-sided pneumonia, based on the presence of rMes 
in the chest. When seen by us, she still complained of the character- 
istic pain in the lower chest and upper abdomen but also had painful 
breathing. There was little or no cough. On the basis of our previous 
experience with the other 2 cases we arranged for a fluoroscopic examina- 
tion which revealed an immobilization of the right leaf of the diaphragm. 
Roentgen films showed a slight rise of the right hemidiaphragm and a nor- 
mal dome. There was also some evidence of parahilar infiltration of the 
lung which was diagnosed by Dr. Wait,* the roentgenologist, as pneumonia. 
She made an uneventful recovery. She was seen at our office on several 
occasions since her discharge from the hospital and a serial study of her 
diapluagm offers us a distinct proof that this patient suffered from Hed- 
blom’s syndrome. The Roentgen ray studies reveal a moderate rise of 
the diaphragm on the involved side. There is also a gradual obliteration 
of the normal dome of the hemidiaphragm no doubt due to one of two causes. 
Either fibrous tissue which may have been deposited is beginning to con- 
tract, or else costophrenic adhesions are pulling on the muscle and cause 
the gradual elimination of the normal dome. 

Discussion. It may be considered bold of us to attempt the 
description of a new' syndrome. We have hesitated for 2 years, 
until w'e felt certain of our ground. We believe that the serial 
Roentgen ray evidence is conclusive enough to encourage us to 
publish our observations. 

There is no doubt that the syndrome is common and goes un- 
noticed because an associated picture masks the original entity. 
We believe that a lot of so-called pleurisies, particularly of the 
diaphragmatic type, are really those of Hedblom’s syndrome. This 
ruay be also true of cases of so-called mild appendicitis, or cholecys- 
titis. Certain basal pneumonias probably have their origin in an 
acute inflammation of the diaphragm. 

The intimate relationship of the transversus abdominis w'ith the 
diaphragm at their points of insertion- may explain the muscle 
spasm and rigidity of the abdominal muscles w'hen the diaphragm 
is involved. 

One may expect to encounter hiccough in such a syndrome. 

* Througli tlie kindness and permission of Dr. W’ait the Roentcen nictures am' 
reproduced for record and study. 
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This obviously is not to be expected, because hiccough in our experi- 
ence is a phenomenon that involves the esophagus primarily and 
the pillars of the diaplu-agm secondarily. It is worthy of note at 
this point that the diaphragmatic pillars, although in some species 
an intimate part of the muscle, have a gastro-intestinal function.® 
Since in this syndrome the wing of the diaphragm is involved one 
may not expect hiccough. 

Hedblom’s ssmdrome evidently follows an acute nasopharyngeal 
inflammation much in the same manner as pneumonia, influenza, 
or even some cases of acute appendicitis. We are justified, there- 
fore, in assuming tliat this syndrome is primary. Obviously, it 
may occur secondarily following lesions in the organs immediately 
above or below the diaphragm. When primary, it may be masked 
bj'^ more evident associated conditions. The presence of ponopnea 
should always lead us to suspect this syndrome. 

Summary. 1. A hitherto undescribed syndrome is presented. It 
is hoped that it will be recognized as Hedblom’s syndrome because 
it appears to be a distinct condition; the term is more suitable and 
phonetically more pleasing than acute diaphragmitis and because 
it honors this pioneer in thoracic surgery. 

2. This syndrome is evidenced by painful breatliing (ponopnea), 
painful coughing, an immobilization of the diaphragm as evidenced 
by the Roentgen ray and costal breathing. There is also abdominal 
pain involving generally the upper abdominal quadrant. Likewise 
there may be pain at the costal margin or even at the angle of the 
scapula. 

3. Pathologically the diaplxragm undergoes the changes of an 
acute exudative and proliferative inflammation. We believe tliat 
some of the muscle fibers are replaced by scar tissue and thus a 
flattening or even disappearance of the normal dome of the dia- 
phragm results. The pleural surface maj’^ be involved by contiguity 
and cause diaphragmatico-pulmonary adhesions. The infectious 
agent causing the syndrome may extend by contiguity to the intra- 
thoracic organs above or the intraabdominal organs below. 

4. This report is made in the hope that others will be on the look- 
out for the syndrome and particularly to avoid unnecessary opera- 
tions on the abdominal viscera. 
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VITAMIN A CONTENT OF HUMAN LIVER. 

By Paul D. Crimm, A.B., M.D., F.A.C.S., 

MEDICAIi DIRECTOU, 

AND 

Darwin M. Short, A.B., 

RESEARCH TECHNICIAN, BOEHNE TUBERCULOSIS HOSPITAL, 
EVANS\'TLLE, INDIANA. 


The vitamin A content of 15 human livers obtained at autopsy, 
was determined. 

Method. The total weight was noted. To each 100 grams of finely 
ground liver 500 cc. of 5% potassium hydroxid solution were added. After 
standing 48 hours this mixture was extracted 8 times with ether, and the 
extract washed 3 times with distilled water, or until the washings were not 
alkalin to litmus; the water removed by adding anhydrous sodium sulphate. 
It was then filtered and evaporated under vacuum to dryness. The residue 
was weighed as unsaponifiable matter. Spectrophotometric determinations 
on the non-saponifialjle material were determined on Hilger’s vitameter. 


Table I.— Vitamin A Content of Livers of 8 “Healthy” Persons. 


Case. 

Age. 

Cause of de.atli. 

Total 

weight 

liver 

(em.). 

Non-sa- 
ponifiable 
material 
in 100 gm. 

Total No. 

I. U. of 
vitamin A 
in liver. 

No. I. U. 
vitamin A 
per gram. 

Remarks. 

B 

36 

Pulmonary abscess 
(Vincent’s) 

2198 

1 

.237 

1 

1 

1 129,682 

1 

59 

Poor appetite; ill 
3 months. 

2 

68 

Heat prostration 

2446 

4.117 

2'4,680 

10 

Diet: Low in vit. 

3 

73 

Coronary thrombo- 
sis 

1642 

1.066 

128,503 

78 

1 

Diet: Unknown. 

4 

52 

Accidental, irac- 

tured cerv. spine 

1470 

9.155 

1,793,400 

1220 

Diet: Varied. 

5 

52 

Coronary thrombo- 
sis 

1860 

1.415 

169,427 

01 

Diet: Varied. 

6' 

10 

Accidental, ruptured 
j stoinacOi 

2082 

.539 

294,187 

141 


7 

70 

1 Coronary tliroinbo- j 1792 

1 sis 1 

.733 

250,880 

i 

140 

Diet: Unknown. 

8 

69 

1 Cardiorenal vasru- ■ 1825 

1 lar disease 

2.231 1 1,164,350 

1 

638 

Diet; Unknown. 


Cast's 1 to S Avcrujic 297 

Cases 2 to 8 Avernce 331 


IIesult.8. In Table 1 are listed 8 cases which at^eraged 297 I. U. 
of vitamin A per gram of liver. All of these patients had a sudden 
lethal exodus except 1 (Case 1), who was ill with a pulmonary abscess 
(Vincent’s) for 3 months. The 7, who were apparently , healthy 
averaged 331 1. U. of vitamin A per gram of liver. Case 2 lived on a 
houseboat and had a definitely low vitamin intake. Cases 4 and 6 
were well nourished and well developed individuals. Both had 
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accidental deaths. Case 6 was loiown to have had a varied diet 
during his entire lifetime. Cases 4 and 8 evidentl.y stored large 
quantities of vitamin A in the liver without the addition of any 
Imovm quantity of vitamin A to their diets. 

In Table 2 are listed 5 cases of tuberculosis, 3 of whom had been 
given additional vitamin A as halibut liver oil,* and 2 had had a high 
vitamin diet. Cases 9 to 1 2 averaged 523 1. U. of vitamin A per gram 
of liver. Case 13 is not included here because of the excessive admin- 
istration of vitamin A~-4,S99,200 I. U. as halibut liver oil over a 
period of 142 days, 10 months before death. Loss of ap})etite was 
the cause for discontinuing the halibut liver oil. A total of 2,509,322 
I. U. of vitamin A were found in the liver at death, or 3359 I. U. 
per gram. 


Table 2. — Vitaiun A Content op Livees of 5 Cases op Tubebculosib. 


Case. 

Age. 

Dosage duration 
(days). 

Total dosage 

11. L. 0 (gm.). 

Total No. I. U. 
vitamin A 
adminis. 

Caaso of death. 

Total weight 
liver (gm.). 

Non-saponifiablc 
material in 100 
gm. 

Total No'. I. U. 
vitamin A in 
liver. 

!|i 

ll 

^ <y 

w > 

Remarks. 

9 

21 ! ... 

Cerebral embolism i 1291 ! .SOS 

j ' and Tb. of hip joint' j | 

1 701,223 

! i 

' 615 

1 

1 ■ 

High vitamin diet 

10 

' 2S 1 22 

* 33.0 ‘ 1,050,000 i Pul. Tb.. laryn. Tb. i 1420 ! 1.905 ' 
1 ' and intestinal Tb. j ! i 

: 1 j 

543,306 j 

• i 

3S1 

Vit.ABsH.I..O. 
High vitamin 
diet 

11 

i 18 ' 12 

IS.O , 576,000 11070; .424 j 

’ ' ' . 1 

779,441 ' 

1 

72S 

Vit.A.asH.Ii.O. 
High t-ifamin 
diet 

12 

30 

' . . . . Miliary Tb. 1S33 ■ 3,8.53 ! 

676,377 

369 1 

High vitamin diet 



Average 


523 


13 

i 57 1 142 : 

1 j 

153.1 4,899,200 ' Chr. Pul. Tb. i 747 j 1.297 : 

1 1 ! 

' ' ; ' 1 

2,500,322 

3359 1 

1 

Vit. A as H. h. 0. 
High vitamin 
diet 


In Table 3 are listed two cliildren, who averaged 80 I. U. of 
vitamin A per gram of liver. 

Table 3.— Vitasiin A Content of Ln'Ens of 2 Infants. 


Case. 1 Age. 

1 ! 

j Cause of death. 

Total J Non-sa- 
1 weight ponifiablc 
liver material 

1 (gm.). 1 in lOOgm. 

f 

Total No. 
I. U. of 
'vitamin A 
in liver. 

No. I. U. 
of 

Wtamin A 
per gram. 

Remarks. 

14 

1 2 >TS. ' 

Miliary Tb. , 

500 ' 2.244 ^ 

47,715 

0.5 

Diet; Goat’s milk. 

15 

•! 

! 1 mo. 

Enlarged thymus ■' 

00 .612 ' 

5.706 

61 

Diet; Brc.ast fed. 


' Average SO 


* Piirfliased from Mead Johnson and Comp.any, Evansville, Indiana. 


Fig. 4.— Case 3. RoentRenoRram. taken on tNOveiuoer 1 1 , 
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Discussion. Wolffs and Moore- reported on the vitamin A content 
of human liver by using the antimony trichlorid method. Wolff’s 
cases averaged 250 "Blue units” per gram. Moore reported that 
the average vitamin A reserve was 235 Blue units per gram. How- 
ever, this method is not sufficiently accurate in quantitative deter- 
minations of vitamin A. The spectrophotometric method employed 
in this work has been approved by the International Conference on 
Vitamin Standardization.® In this series, 7 cases (Cases 2 to 8 inclu- 
sive) in apparently good health ranged from 10 to 1220 I. U. per 
gram, or an average of 331 1. U. of vitamin A per gram of liver. 

Summary. 1. Spectrophotometric determinations of vitamin A. 
content of human livers were performed in 15 cases. 

2. Seven apparently healthy persons, dying sudden accidental 
deaths, averaged 331 I- U. of vitamin A per gram of liver. . Two 
children averaged 80 I. U. of vitamin A per gram of liver. Four 
cases of pulmonary tuberculosis on a high vitamin diet averaged 
523 1. U. of vitamin A per gram of liver. 

3. The addition of vitamin A as halibut liver oil stores a large 
quantity of vitamin A in the human liver. 
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BOOK EEVIEWS AND NOTICES 


The Advance op Science. Edited by Watson Davis, Director, Science 
Service, Washington. Pp. 400; illustrated. Garden City, N. Y. : Double- 
day, Doran & Co., Inc., 1934. Price, S3.50. 

This popularizing assemblage by the Director of Science Service (21 of 
the 32 chapters are apparently VTitteij by others) aims “to outline the 
extent to which that knowledge (i. e., of man and Nature) has now advanced 
in each of the major fields of scientific endeavor.” Astronomy, physics, 
chemistiy, geography, transportation, medicine, archeology, each is treated 
in a “march-of-time” manner, that offers many targets for the critic, both 
of selection of topic and of statements made. Yet, like its prototype, 
Science News Service, the book contains accounts of so many recent devel- 
opments that there are few, indeed, even among scientists, who ivill fail 
to find much that is new and interesting. E. K. 


Body Mechanics. In the Study and Treatment of Disease. By Joed 
E. Goldthwait, M.D., LL.D., Member of Board of Consultants, Massa- 
chusetts General Hospital, etc., Lloyd T. Brown, M.D,, Instructor, 
Orthopedic Surgery, Harvard Medical School, Loring T. Swam, M.D., 
Instructor, Orthopedic Surgery, Harvard Medical School, and John G. 
Kuhns, M.D., Assistant in Orthopedic Surgery, Harvard Medical School. 
Pp. 281; 99 illustrations. Philadelphia: J. B. Lippincott Company, 
1934. Price, $4.00. 

Here are summarized in book form the teachings of Dr. Goldthwait. 
For many years the Boston group of orthopedic surgeons, under the leader- 
ship of Dr. Goldthwait, have dwelled at great length upon the value to all 
persons of the correction of faulty body mechanics. To the chronic invalid, 
regardless of the cause of his invalidism, they have held out the benefits 
which would result from the overcoming of defects in posture. That 
benefits would result is well knowm to the American orthopedists. Such 
knowledge is not had by the general practitioner. To him this book should 
be of great value in explaining “whj’-” and telling “how.” 

G. W. 


Biology for Medical Students. By C. C. Hentschbl, M.Sc. (Lond.), 
Lecturer in Zoology, Chelsea Polytechnic, etc., and W. R. Ivimey Cook, 
B.Sc., Ph.D. (Lond.), Lecturer in Botany, The University, Bristol, etc. 
With a Foreword by G. E. Gask, C.M.G., D.S.O., F.R.C.S., Professor 
of Surgery and Dean of the Faculty of Medicine in the University of 
London, etc. Pp. 618; 413 illustrations. New York: Longmans, Green 
& Co., 1932. Price, .$7.00. 

“This book is primarily intended for the use of medical students in their 
first year in biology. It covers the syllabuses for the First M. B. Examina- 
tion of the University of London, and also for the Pre-medical Examination 
for the Conjoint Examining Board in England of the Royal Colleges of 
Physicians and Surgeons. A notable feature is that both the Botanical 
and Zoological aspects of the subject are included in one volume.” (Pub- 
lisher’s note.) 
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Elementary Human Anatomy. Based on Laboratory Studies. By 
Katharine Sibley, Professor of Physical Education, School of Educa- 
tion, Syracuse University. Pp. 360; 213 illustrations, many in colors. 
New York: A. S. Barnes & Co., Inc., 1935. Price, S4.50. 

“This text for an undergraduate [Dept, of Physical Education] course 
in human anatomy is "written as a foundation for the study of kinesiologj'^ 
and physiology. The author has placed special ernphasis on osteology, 
syndesmology, myology and the nervous system to aid the teacher of cor- 
rective physical education and physiotherapy in muscle examination and 
muscle reeducation. Each chapter is accompanied by laboratory studies 
and these studies are based on live muscles wherever possible.” (Publisher’s 
note.) 


The Crippled and the Disabled. Rehabilitation of the Physically 

Handicapped in the United States. By Henry H. Kessler. Pp. 337. 

New York: Columbia University Press, 1933. Price, S4.00. 

“ Coming as it does in the midst of the largest national project for normal 
economic and social adjustment, . . . [this] book on the needs of the 
crippled and disabled should turn the attention of the socially minded to 
this unique problem. 

“The popular fallacy that all disabled persons constitute a unit of sheer 
economic waste is quickly and totally dispelled. Physical limitations they 
may have, but the handicapped can be rehabilitated so as to become use- 
ful, self-supporting and responsible members of the community. Rehabili- 
tation is, therefore, the key to the problem. Efforts for the reeducation of 
the community at large toward this unfortunate group must be met by 
legislative measures. A plea is made for more adequate and uniform legis- 
lation, so that all types of handicapped may be received by authorized state 
or federal agencies set up to adjust these individuals to the types of occupa- 
tions peculiar to their specific disability. 

“A detailed study is made of disabled persons classified according to 
type; this, together with perhaps the most comprehensive critical evaluation 
of the laws pertaining to this subject, comprise the basis of a book dealing 
with a vital problem.” (Publisher’s note.) 


The Physical and Mental Growth of Prematurely Born Children. 
By Julius H. Hess, M.D., Professor of Pediatrics, College of Medicine, 
University of Illinois; Attending Pediatrician, Illinois Research, Cook 
County and Michael Reese Hospitals, George J. Mohr, M.D., Director, 
Pittsburgh Child Guidance Center, etc., and Phyllis F. Bartelme’ 
Ph.D., Psychologist, Cook County Juvenile Court, Chicago; Research 
Ps 3 "chologist, Institute for Juvenile Research. Pp. 449; 90 illustrations 
and 161 tables. Chicago: UnNersity of Chicago Press, 1934. Price, .So.OO. 
Prognosis is such an important aspect of clinical medicine tliat a mono- 
graph W'hich furnishes reliable data is ahvays w'elcome. Such a monograph 
is this by Dr. Hess and his associates. The Premature Infant Station 
of the Sarah Morris Hospital is well knowm to American pediatricians and 
they will find in this volume an immense amount of valuable material 
concerned with the immediate and remote prognosis of the infant prema- 
turely liorn. 

The book has been divided into three parts, but might just as well have 
been divided into two; the clinical studies by Dr. Hess on the immediate 
morbidity and mortality, together with the development and growth 
studies by Drs. IMohr and Bartelme, and the collection of previously pub- 
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lished papers by other associates. Indeed there is some doubt in the 
Reviewer’s mind as to the propriety of including this latter material at all. 

Dr. Hess’ study of immediate mortality and morbidity and the etiologj" 
of prematurity is complete. Ample protocols of the necropsies of all fatal 
cases are available. Dr. Hess is to be congratulated that his results in 
the case of these babies become increasingly favorable. 

A second division of the volume concerns itself vdth a statistical analysis 
of the fate, grov>i,h and development of the “graduates” of this Station. 
A wealth of material based upon careful studies of 250 clhldren is presented 
from every aspect concerned with prognosis. The conclusions point out 
that early care and constant supervision have much to do mth the results 
which seem more optimistic than those presented by other writers, such 
as Capper, Steinfuth and Yepps. _ * 

Any reader seeldng for information about the care of immature children 
will be disappointed "with this book. Only two of the appended special 
articles deal with phases of that subject— anemia and the use of oxygen 
therapy. For those seeking information upon which to base prognosis this 
volume can answer any question. E. T., Jr. 


Human Anatomy. Double Dissection Method. By Dudley J. 
Morton, Associate Professor of Anatomy, College of Physicians and 
Surgeons, Columbia University. Pp. (First Dissection) 265, illustrated. 
Pp. (Second Dissection) 554, illustrated. New York; Columbia Uni- 
versity Press, 1934. Price, S3.00 each. 

“The time allowed for anatomy [in medical school curricula] has been 
very much reduced. Faced vith this fact, a choice between two alterna- 
tives has inevitably been imposed; either to contract the former plan of 
teaching into half the time previous^ allowed— a method which places 
the students at a distinct disadvantage, -or to create new methods to meet 
new conditions. The latter alternative is represented in the Double 
Dissection plan developed in the College of Physicians and Surgeons, New 
York. . . . The unusual features of the course form a 1-year course 
in anatomy of about 360 hours, which carries the students through two 
dissections of the entire body with no greater expenditure of anatomical 
material than is ordinarily nsed. The first dissection applies only to the 
larger structures, and gives students a preliminarj’- understanding of those 
structures as a basis for the subsequent detailed dissection. The plan is 
designed for utmost economy in time and effort, with maximum pedagogic 
results.” (Publisher's note.) 

The Clinical Aspects of Visceral Neurology. With Special Reference 
to the Surgery of the Sympathetic Nervous System. By W. K. Living- 
ston, M.D., Clinical Associate in Surgepq University of Oregon Medical 
School. Pp. 254; 46 illustrations. Springfield, 111.; Charles G Thomas, 
1935. Price, S5.00. 

The structure of the nervous system is much better known than are its 
functions. The author summarizes present-day loiowledge by stating: 
“ The function of the \dsceral nervous system is to regulate xdsceral actmty 
so that the organism is brought into harmony with the ever-changing 
internal and external environment.” It is this system ivhich is intimately 
concerned uith the maintenance of the “steady states” (to use Professot 
Cannon’s happy phrase) which are characteristic of the higher forms of 
litang creatures. There are a number of texts that deal with the visceral 
nervous system (the “vegetative,” “involuntarj’-,” “autonomic,” “sjmi- 
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pathetic and parasympathetic” system) from the standpoint of the experi- 
mental investigator; the present monograph deals primarily with clmical 
aspects. The first part of the book _(pp. 5 to 58) is a summary of the anat- 
omy and physiology; of particular interest to clinicians is the, chapter on 
normal regulation of bloodvessel function and a, discussion of xdsceral pains. 
The second part (pp. 59 to 130) deals with conditions that have been treated 
by visceral nerve surgery: functional disturbances and organic diseases of 
the arteries (such as Raynaud’s disease, hypertension, thromboangiitis 
obliterans; angina pectoris), chronic arthritis and certain pelvic disorders. 
The third part of the monograph (pp. 131 to 226) is devoted to surgical 
procedure and general discussion. There are chapters on prognostic 
methods, surgical technique, surgical treatment of intractable pain, etc. 
The viewpoint of the author is expressed in the following quotation from 
the introduction; “It would be a mistake to consider sympathetic nerve 
surgery a panacea. On the contrary, cutting sympathetic pathways does 
not, as Sir Thomas Lewis has often reiterated, effect ‘cures’ in the sense 
that the underlying cause lias been removed. TJie procedure miglit well 
be likened to the cutting off of lines of communication of an invading army. 
The fact that the communications have been severed does not destroy the 
army, but does handicap its advance, and may prove the means by which 
the tide of battle turns in favor of the defending forces.” B. L. 


The Medical Clinics of North America. Volume 18, No. 3 (New 
York Number— Notomber, 1934). Pp. 301; 17 illustrations. Phila- 
delphia; W. B. Saunders Company, 1934. Price, per clinic year, July, 
1934 to May, 1935, paper, $12.00; cloth, $16.00. 

“A RADICAL change in policy is inaugurated with the publication of this 
number. Hereafter the Medical Clinics vdll feature the eveiy'day ‘run-of- 
practice' problems of the general practitioner. Emphasis will be placed 
upon diagnosis and treatment. The s 3 rmposium idea will be further 
developed so that, insofar as possible, each number will contain a group 
of clinics dealing noth the various clinical phases of some important diag- 
nostic or therapeutic problem. Among the sjunposiums to be published 
during 1935 will be; ‘The Treatment of Heart Disease,’ ‘Allergic Diseases,’ 
‘The Medical Management of Biliary Disease,’ ‘The Treatment of Pneu- 
monia.’ 

“These new Medical Clinics will present in detail certain definite clinical 
aspects of a condition, rather than general discussions. In other words, the 
Clinics will give the reader the clinical meat of a problem such as he would 
e.\'pect to obtain while in actual attendance at a postgraduate clinic.” 
(From Publishers’ Notice.) 


Cold Spring Harbor Symposia on Quantit.vtive Biology, Yolujib 2. 

Pp. 2S4; illustrated. Cold Spring Harbor, L. I., N. Y.; The Biological 

Laboratoty, 1934. Price, 83.35. 

The second volume of these sjunposia is chiefly concerned with various 
aspects of groivth. Of the 34 article.s presented only a few are bj^ the 
authors included in Volume 1, though familiar names appear among those 
taking part in the discussion. A number of the presentations are on the 
chennstr}' of grovffh, genic factors and jmast; protozoa and amphibia as 
material for growth study. The necessar}^ phj'sical and mathematical 
uacKgrouncls are also represented in some half dozen articles. lYe can only 
repeat our high praise of this effort to bring together in a iio\-el wav authori- 
ties in different fields of science in order to promote a discussion of bioloirv 
that IS as far as possible quantitative. ^ ^ 
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An Atlas op the Commoner Skin Diseases. By Henra' C. G. Semon, 
M.A., M.D. (OxoN.), M.R.C.P., London, Pl^sician for Diseases of the 
Skin, Ro 3 ’'al Northern Hospital, Photography under the direction of 
Arnold Moritz, B.A., M.B., B.C. (Cantab.). Pp. 221; 103 colored 
plates. Baltimore: William Wood & Co., 1934. Price, 812.00. 

By a fortunate combination of the Finlaj’^ color photography method 
mth the products of highly skilled engravers, this Allas offers the best 
photographs in natural color of living subjects that the Reviewer has ever 
seen. Opposite each plate, abbreviated clinical descriptions and notes on 
differential diagnosis and treatment are given as aides memoires. In addi- 
tion to the commoner skin diseases, 13 of the rarer forms are included. 
As far as the eye can contribute, these plates are as good as seeing the 
patient himself. E. K. 


The Jew in Science. Bj'' Louis Gbrshenfeld. Pp. 224, Philadelphia: 

The Jewish Publication Society of America, 1934. Price, .82.75. 

The present vogue for colorful biography, accentuated by the world’s 
concern in a great nation’s drive to rid itself of one of its most useful 
groups of citizens, arouses one’s interest as soon as this title is read. The 
author, who “has interested himself for years in the history of science, 
Judaism and scientists,” has not only given the high lights of a dramatic 
storj'- of racial history in the first half of the book, but has furnished a useful 
reference work in the second half on modern Jevish scientists in rhedicine 
and other fields. As a reference book, it would be much more useful if 
the groups had not been rather arbitrarily and unsystematically subdivided 
or if an adequate index had been provided. ' E. K. 


One Hundred and Fifty Years of Publishing, 1785-1935. [Henry 
Charles Lea.] Pp. 42; illustrated, Philadelphia: Lea & Febiger, 
1935. 

Those who have a penchant for long-lived institutions, and even believe 
that long life may contribute to their present efficiency, vill be especially 
pleased with tliis record of one of the oldest publishing houses in the coun- 
try. It is also one of the oldest firms in a city that has the largest number 
of firms in America that have been in continuous existence for over a cen- 
turjL Philadelphia can well afford to accept without rancor, even with pride, 
the chaffing that it may get from less stable sisters on such matters. Amplified 
from the sketch prepared by Henry C. Lea 50 years ago, our anniversary 
book describes the firm's acti^dties and changes during 150 years. Espe- 
ciallj’^ picturesque is the account of its founder, Matthew Carejq an Irishman 
who came to this country in 1784, was “staked” in business by his friend, 
Lafayette (repaying the benefaction some 40 years later), ivTOte against 
duelling and later was wounded in a duel, brought his publisliing firm into 
a leading position in this country, and founded (1820) this Journal, the 
oldest medical monthlj'- in the countrjq and one of the very oldest medical 
periodicals in the English language. This journal (whose 11 editors are 
listed), the American edition of Graj^’s Anatomy (published since 1859) 
and Osier’s “Modern Medicine” can perhaps be singled out from many 
successes as the firm’s most important contributions to medicine. Of the 
14 names that the firm has held, that of Henr^'' C. Lea (1S65-1SS0), one of 
, -Wnerica’s greatest historians, is perhaps the most celebrated. The present 
senior member is fifth in direct descent from hlatthew Carey. Long may 
the firm flourish in its business of furnishing “ Quae prosimt omnibus.” 

E. K. 
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Diseases of the Mouth and Their Treatment. A Textbook for Practitioners 
and Students of Medicine and Dentistry. By Hermann Prinz, A.M., 
D.D.S., M.D., D.Sc., Dr. Med. Dent., Professor of Materia Medica and 
Therapeutics, The Thomas W. Evans Museum and Dental Institute, 
School of Dentistry, University of Pennsylvania, and SiGarciNO S. Gbeen- 
BAVM, B.S., M.D., Associate Professor of Dermatology and Syphilology 
in the Graduate School of Medicine of the University of Pennsylvmiia; 
Attending Dermatologist, Mt. Sinai and Philadelphia General liospitals. 
Pp. 602; 287 illustrations and 11 colored plates. Philadelphia: Lea & 
Febiger, 1935. Price, 89.00. 

Biology for Medical Students. By C. C. Hentschel, M.Sc. (Lond.), 
Lecturer in Zoology, Chelsea Polytechnic, etc., and W. B. Ivimey Cook, 
B.Sc., Ph.D. (Lond.), Lecturer in Botany, The University,* Bristol, etc. 
With a Foreword by G. E. Gask, C.M.G., D.S.O., F.R.C.S., Professor 
of Surgery and Dean of the Faculty of Medicine in the University of 
London, etc. Pp. 618; 413 illustrations. New York: Longmans, Green 
& Co., 1932. Price, S7.00. (Review, p. 574.) 

Elementary Human Anatomy. Based on Laboratory Studies. By Kath- 
arine Sibley, Professor of Physical Education, School of Education, 
Syracuse University. Pp. 360; 213 illustrations, many in colors. New 
York: A. S. Barnes & Co., Inc., 1935.- Price, 84.50. (Review, p. 575.) 

Human Anatomy. Double Dissection Method. By Dudley J. Morton, 
Associate Professor of Anatomy, College of Physicians and Surgeons, 
Columbia University. Pp. (First Dissection), 265, illustrated. Pp. 
(Second Dissection) 554, illustrated. New York: Columbia University 
Press, 1934. Price, 83.00, each. (Review, p. 576.) 

Practical Neurological Diagnosis. With Special Reference to the Problems 
of Neurosurgery. By R. Glen Spubling, M.D., Assistant Clinical 
Professor of Surgery (in charge of neurosurgery). University of Louisville 
School of Medicine. Pp. 233; 99 illustrations. Springfield, 111.: Charles 
C Thomas, 1935. Price, 84.00. 

The .Jew in Science. By Louis Gershenfeld. Pp. 224. Philadelphia: 
The JeMsh Publication Society of America, 1934. Price, 82.75. (Re- 
view, p. 578.) 

The Crippled and the Disabled. Rehabilitation of the Physically Handi- 
capped in the United States. By Henry H. Kessler. Pp. 337. New 
York: Columbia University Press, 1935. Price, 84.00. (Review, p. 575.) 

French Medicine. Volume 15 of Clio Medica. By M. Laignel-Lavastine, 
Professor in the Medical Faculty in Paris; Secretary General of the 
International Society of Medical History, and M. Raymond Molinery, 
Gold Medalist of the Academy of Medicine; Member of the French 
Society of Medical History. Translated by E. B. Krumbhaar, M.D., 
Professor of Pathology, University of Pennsylvania. Pp. 187; 14 illus- 
trations. New York: Paul B. Hoeber, Inc., 1934. Price, 82.50. 

Mouth Infection. Clinical Histories. Bj' Oliver T. Osborne, M.A. 
M.D., F.A.C.P., Professor of Therapeutics, Emeritus, and formerly 
Clinical Professor of Medicine, Yale Universit 3 L Pp. 119. New Haven : 
B}’^ the author, 1934. Price, 82.00. 

A sliort summars’ -n-it]! subject ni.atfcr classified under three heads; (1) Teeth 
and gums; (2) tonsil infection; (3) Vincent infection, tongue, adenoid growths and 
the toothbnish. jr w 
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The 1934 Tear Book ‘of Obstetrics and Gynecology. Obstetrics. Edited by 
Joseph B. DeLee, A.M., M.D., Professor of Obstetrics, XJniversity 
of Chicago Medical School; Chief of Obstetrics, Chicago Ljdng-In 
Hospital and_ Dispensary in affiliation with the XJniversity of Chicago. 
Gynecology. Edited by J. P. Grbenhiel, B.S., M.D., F.A.C.S., Asso- 
ciate Professor of Gynecology, Loyola University Medical School; 
Professor of Gynecology, Cook County Graduate School of Medicine, 
etc. Pp. 717; 96 illustrations. Chicago: The Year Book Publishers, 
Inc., 1935. Price, S2.50. 

The 1934 Tear Book of Pediatrics. Edited b}’- Isaac A. Abt, D.Sc., M.D., 
Professor of Pediatrics, Northwestern University Medical School; 
Attending Physician, Passavant Hospital, etc. With the collaboration 
of Arthur E. Abt, B.S., M.D., Associate in Pediatrics, Northwestern 
University Medical School; Adjunct Attending Pediatrician, hlichael 
Reese Hospital, etc. Pp. 541; 74 illustrations. Chicago: The Year 
Book Publishers, Inc., 1935. Price, 82.25. 

Rats, Lice and History. Being a Study in Biography, XWiich After Twelve 
Preliminary Chapters Indispensable for the Preparation of the Lay 
Reader, Deals With the Life History of T 3 Tihus Fever. By Hans 
Zinsser. Pp. 301. Boston: Little, Brovm & Co., 1935. Price, 82.75. 

The Care of the Aged, the Dying and the Dead. By Alfred Worcester, 
M.D., Sc.D., Henry K. Oliver Professor of Hygiene, Hansard University. 
Pp. 77. Springfield, 111.: Charles C Thomas, 1935. Price, 81.00. 

Fracastor. Syphilis or the French Disease. A Poem in Latin Hexameters. 
Bj"- Girolamo Fracastoro. With a Translation, Notes and Appendix 
by Heneage Wynne-Finch, M.A. (Ox on.), and an Introduction by 
James Johnston Abrahaji, C.B.E., D.S.O., M.A., M.D. (Dub.), 
F.R.C.S. Pp. 253; illustrated, London: William Heinemann, Ltd., 
1935. Price, 10/6. 

Sxirgical Diseases of the Chest. By Evarts Ambrose Graham, A.B., 
M.D., F.A.C.S., Professor of Surgery, Washington University School of 
Medicine, St. Louis; Surgeon-in-Cliief, Barnes and St. Louis Chil- 
dren’s Hospitals, etc., Jacob Jesse Singer, hl.D., F.A.C.P., Associate 
Professor of Clinical Medicine, Washin^on University School of 
Medicine; Assistant Physician, Barnes Hospital, etc., and Harry C. 
Ballon, M.D., C.M., F.A.C.S., formerly Assistant Professor of Surgery, 
Washington University School of Medicine; formerly Assistant Surgeon, 
Barnes Blospital. Pp. 1070; 637 illustrations. Philadelphia: Lea & 
Febiger, 1935. Price, 815.00. 

NEW EDITIONS. 

Dietetics for the Clinician. By Milton Arlanden Bridges, B.S., M.D., 
F.A.C.P., Director of Medicine, Department of Correction Hospitals, 
New York, etc. Foreword by Herman 0. Mosentblal, A.B., M.D., 
Director of Medicine at the New York Post-Graduate Medical School, 
Columbia University, New T’ork. Pp. 970; 64 tables. _ Second edition, 
thoroughly revised. Philadelphia: Lea & Febiger, 1935. Price, 810.00. 

The first edition of this work was described by the Re%'iewer as deserving 
emphatic recommendation. His judgment has been confirmed by the popu- 
larity of the work which has led to a second edition within less than 2 years. The 
new volume, greatly amplified and in part rewritten, is an improvement on the 
first. R- R- 

Allergische Diaihcse und AUergische Erkrankungen. By Dr. Hugo Kam- 
merer. Professor der Universitat Mtinchen, Leitendem Arzt der Inneren 
Abteilung des N 3 Tnphenburger Krankenhauses zu Miinchen, Pp. 359; 
4 illustrations. Second edition, enlarged and improved. Miinchen: J. 
F. Bergmann, 1934. Price, paper, Rm. 26; bound, Rm. 29.60. 
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OVARIAN TUMORS. 

Probably the most common complication of all ovarian tumors is 
torsion or twisting of the tumor on its pedicle, and wdiile many 
theories have been advanced as to the cause of this phenomenon, it 
still remains in the field of speculation. Shaw^ states it to be a well- 
established clinical fact that a history of exertion or violent movement 
is frequently obtained in cases of torsion. It is suggested tliat these 
movements result in a rotation of the tumor through half a circle 
or more. In cases which arise independently of such movements, 
similar small twists may be induced through movements of the sigmoid 
or rotations of the body of the patient, such as turning over in bed. 
He suggests that the next factor in the production of torsion is hemo- 
dynamic. However slight the torsion of the ovarian tumor, the ovarian 
artery must be both stretched and twisted. Most important of all, 
the twist of the artery is in the same direction as the original twist 
of the cyst. The twsted artery pulsates, for in the original stage of 
torsion the lumen of the vessel is not obliterated. With each pulsation 
a column of blood, the dimensions of which are determined by the 
lumen of the artery, is forced through the arterjL As the wall of the 
vessel is twisted, part of the momentum of the blood is spent against 
the wall and the force exerted will always be in the direction of the 
twist. In other words, the pedicle of the cyst is subjected to a series 
of small impulses, each of which tends to increase the extent of the 
twist. Though each .impulse is extremely small, tlie combined effect 
of the impulses in rotating tlie tumor, recurring 72 times per minute, 
will be considerable. The tumor itself is free to move and pain develops 
when the veins become occluded and tlie tumor becomes engorged with 
blood. On this theory further torsion will cease as soon as the main 
artery in the pedicle is occluded. It should be remembered that 
torsion is often spontaneously reduced, which is rather difficult to 
explain under the above theory, although, of course, it is doubtful if 
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cases in which there are extreme degrees of torsion ever reduce them- 
selves spontaneously. 

Carcinoma. In a group of 403 cases of adenocarcinoma of the ovary 
in which operation was performed at the Mayo Clinic, Moench^ states 
that 254 were papillary cystadenomas, 72 carcinomatous cystadenomas 
and 77 solid adenocarcinomas. The incidence of adenocarcinoma of 
the ovary is highest in the fifth and sixth decades of life. There are no 
characteristic s.}Tnptoms of this disease. Abnormality of ovarian 
function was apparent tlnrough disturbance of menstruation evidenced 
by recent change in periodicity, profuse flow, scanty flow or metror- 
rhagia. Pain was an outstanding symptom in over half of the cases. 
Three years after operation nearly 60% of tlie pa,tients were living, 
the best results being obtained in those patients who had papillary 
cystadenoma. In a fourth of the patients the tumor was bilateral 
and in these the length of life after operation was shorter and only 
half as many sur^^ved the 3-year period as when the tumor was uni- 
lateral. Intracystic malignancy was less likely to recur than extracystic 
malignancy. Of the patients who had metastases, 30% were living 
3 or more years later, the results being better in those who had only 
pelvic metastases compared to those who had both pelvic and abdom- 
inal involvement. 

In a study of the incidence of malignancy of the ovary in the first 
3 decades of life, Schreiner and Wehr® found that of 2405 gynecologic 
malignancies admitted to the State Institute for the Study of Malignant 
Disease at Buffalo, 114 (4.6%) occurred during this period, and of 
these, malignancy of the ovary represented 10.6% (23 cases). Of these, 
6 were papillary cystadenocarcinomata, 6 adenocarcinomata, 9 carcino- 
mata, 1 sarcoma and 1 malignant teratoma. Two of the cases were 
between 10 and 15 years of age, 3 between 16 and 20, 8 between 21 and 
25 and 10 between 26 and 30. Of- the 23 patients, 13 were unmarried, 
while 2 of the married patients had no pregnancies. These figures 
should remind us that the so-called carcinoma age may begin early in 
life rather than at 40 as so often inferred. 

Granulosa Cell Tumors. The gynecologic literature for the past 
few years is fairly teeming with discussions about ovarian tumors 
wliich are associated with changes in the secondary sexmal characteris- 
tics. "While these tumors are not common, they are apparently more 
frequent than was formerly believed and have been found by several 
pathologists in checking back on old slides in which they were originally 
missed. In discussing granulosa cell tumors Novak and Long^ state 
that it is commonly believed that they arise from the early oophorogenic 
structures in the sex gland area. The evidence seems to point to the 
fact that the real germinal epitheliiun of the ovary is derived from 
the mesench 3 Tne of the sex gland aniage. This is contrary to the 
pre\aously accepted Anew that the follicular apparatus is the result 
of downgrowth of the germinal epithelium covering the ovary into 
the mesench 5 'me beneath in the form of medullary cords. In either 
event there is further differentiation of the cells of the sex cords into 
two types, one becoming the oogonia, the other the follicular epithelium, 
the latter grouping themselves around the egg cells to form the pri- 
mordial follicles. In this process, rests of granulosa cells may be left 
over and from them the granulosa cell tumors arise and not from the 
granulosa cells of the adult follicles. 
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The granulosa cell is a typically feminine cell, producing the female 
sex hormone (folliculin or theelin); therefore, the effects produced by 
this type of tumor are along the lines of feminization, with overaccentua- 
tion of certain female sex characters and functions. When the tumors 
arise in elderly women, as they usually do, they produce a remarkable 
effect on the uterus, through the endocrine action of the granulosa 
elements. The uterus becomes characteristically increased in size 
and pseudomenstrual bleeding is noted, so tliat in some cases women 
far beyond the menopausal , age exhibit an apparent reestablishment 
of the menstrual function. This sequence must, therefore, be kept in 
mind as a possible explanation of postmenopausal bleeding. If diag- 
nostic curettings in such cases show no suggestion of malignancy, but 
on the other hand reveal t 5 q)ical hyperplasia of the endometrium, the 
first thought should be of granulosa cell tumor of the ovary. (Curet- 
ting may also exhibit the normal cyclic changes despite the fact that 
the patient may have been long past the menopause. — C. C. N.) In 
a few cases, granulosa cell tumors have occurred in children, producing 
remarkable hormonal effects. The hyperfeminizing influence of these 
neoplasms is shown by the fact that in young children precocious 
puberty and menstruation are produced together with such secondary 
sex characters as mammary hypertrophy, the growth of genital and 
axillary hair, increased growth, the development of the typical feminine 
postpuberal contour and increased size of the uterus. Although these 
tumors are malignant, the degree of malignancy is in most instances 
very low and recurrences are exceptional, even after the removal of 
only the affected ovary. In a certain proportion of cases, however, 
the tumors have run an extremely malignant course with recurrence, 
metastasis and death. Such a course has been noted in between 5 and 
10% of reported cases. 

Schulze® has found 4 cases of granulosa cell tumor among 43 ovarian 
carcinomas occurring in 7.500 gynecologic cases over a period of 19 years 
and has had 2 other specimens brought in from outside sources. Four 
of the specimens were originally diagnosed as medullary carcinoma by 
competent pathologists. She states tliat this error is not uncommon, 
since tlie microscopic illustrations of medullary carcinoma or solid car- 
cinoma in almost any of the standard texts may be taken as fairly typical 
examples of the cylindroid type of the granulosa cell tumor. These 
tumors are usually unilateral and the majority are comparatively small 
in size, varying from almost microscopic 'ones discovered accidentally 
to those of the size of a man’s head. They are usually well encapsu- 
lated -with a thick, fibrous capsule. On cut section there appear 
macroscopic cysts the size of a pea, rarely up to the size of a hen’s egg, 
containing fluid, sometimes clear, in others greenish and turbid. The 
greater part of the tumor is usually solid, raoderatelj'- firm, sometimes 
friable and very vascular, hlicroscopically there are 3 t 3 q}es, the 
folliculoid, tire cylindromatoid and the diffuse or sarcomatoid. The 
most easily recognizable type, and the one in which the morphologic 
resemblance to the normal granulosa cell is most striking, is the follicu- 
loid and it is also the rarest. The cylindromatoid tumors are far 
more common but are much more difficult to recognize. They are 
frequently diagnosed as medullary carcinoma or solid carcinoma or 
even as endothelioma or sarcoma. In a few cases there may be a 
diffuse picture resembling a sarcoma. The epithelial cells lose their 
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normal characteristics and become rather hard to differentiate from 
the stroma cells ■which may show a sarcomatoid proliferation. A care- 
ful study of the patient from the endocrine standpoint wdll prove of aid 
in the pre-operative diagnosis as well as in postoperative prognosis, 
since these tumors elaborate follicular hormone. Schulze believes it 
is probable that the follicular hormone tests will become as important 
for these cases as is the Aschheim-Zondek test for chorionepithelioma. 

An interesting case of granulosa cell tumor in a child, aged 7, who 
showed sexual precocity has been reported by Bland and Goldstein.'^ 
This child menstruated regularly, had enlarged breasts and pubic 
and axillary hair. She came to the hospital because of an enlarge- 
ment of tlie abdomen and at operation a large tumor of the left ovary 
was removed which proved to be a granulosa cell tumor. The right 
ovary appeared normal and was left in situ. Follovdng the opera- 
tion the child did not menstruate for 18 months. The menses then 
returned, the abdomen again enlarged and she developed pain in the 
right side. At operation a tumor was removed on the right side similar 
to the one which had been removed on the left. She made a satisfac- 
tory recovery and on the 14th day after operation the estrin and 
Aschheim-Zondek tests, which had been positive before operation, 
became negative. Six months later, although the estrin test remained 
negative, tliere had been no regression of the mammary development 
and pubic and axillary hair was present in abundance. 

For those especially interested in these tumors the paper of Brewer 
and Jones’' reporting 3 cases and that of Daily® presenting 2 cases may 
be consulted for further case details. 

In considering the treatment of these tumors, Novak and Brawner® 
state tliat it is essentially surgical. The extent of the operation must 
be based upon our concept of the degree of malignancy which is con- 
cededly less than tliat of otlier ovarian neoplasms, hlany patients 
have remained well after simple unilateral salpingoophorectomy, but 
they believe tliat such a conservative plan should be followed in only a 
limited group in view of the fact that recent reports indicate a greater 
degree of malignancy than had been pre\dously assumed. In young 
patients the removal of the adnexa on the affected side alone would 
seem permissible, but such patients should be carefully followed for 
evidence of recurrence. In the more common case, in which the patient 
has already lived all or most of her reproductive life, the definite menace 
presented by these tumors would seem to justify a more radical pro- 
cedure, namely, hysterectomy i\atli bilateral removal of the adnexa. 
This would certainly apply to the frequent cases seen in women beyond 
the menopause. In Anew of the sensitivity of granulosal tissue to 
radiotherapy, it Avould be expected that these tumors should likeAvise 
be very responsive to this form of treatment, although only a few 
reports have been made on this point. They believe, however, that 
for the present it should seem wiser to restrict radiotherapy to the 
treatment of inoperable or recurrent tumors, or to combine it pre- 
operatively of postoperatively ■with surgery in the treatment of remov- 
able tumors. 

Krukenberg Tumor. This neoplasm to which the unvdeldy name, 
“fibrosarcoma ovarii mucocellulare (carcinomatodes),” is applied should 
be of passing interest to CA^ery practitioner if for no other reason tlian 
its name. Krukenberg described it as a fibrosarcoma and believed 
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that it Y-as primary in the ovary, although there has been considerable 
discussion about this. In presenting 3 cases of this type Andrp's^® 
states that it is a solid ovarian .tumor, usually bilateral, maintaining 
the contour of the ovary. It is pale gray and heavy, usually associated 
with ascites. The microscopic picture is that of a dense fibrous tissue 
in the meshes of which are the characteristic cells with nuclei displaced 
eccentrically, giving a signet-ring appearance. The tumor is generally 
regarded as a carcinoma. At present most authorities concede that 
these tumors are always secondary to carcinoma in the upper abdomen 
but the mode of transmission is not definitely settled, since some 
believe it arises from direct implantation on the ovary while others 
believe it is transmitted by lymphatic channels. 

Based upon 5 certain and 7 additional probable cases of Krukenberg 
tumor which have been seen at the Mayo Clinic, Masson'^ is also of the 
opinion that these tumors are usuallj’^ bilateral and retain tlie form of 
the ovary. Thej'^ are probably always secondary. Of tlie patients in 
this series whose subsequent history is known, all have died of the 
disease. He feels sui'e that in many cases of general abdominal car- 
cinomatosis in which exploration is made late in the disease, the typical 
pathologic change in the ovarian tissue is not evident. The picture is 
obscured by necrosis and cystlike formations, which develop because 
circulation for the rapidly growing tumor is inadequate. Further- 
more, ovarian tumors are often removed as solid carcinomas or sarcomas, 
and Avhen death ultimately occurs, as it invariably does in this condi- 
tion, necropsy is not performed, and death is credited to recurrence of 
the ovarian tumor, or to metastasis from it. If necropsy had been 
performed,. in many of these cases a malignant growth in the gastro- 
intestinal tract probably would have been found. He believes that 
these tumors are of more frequent occurrence than the literature Avould 
indicate, for they are seldom diagnosed before operation or necrops}^ 
and often not even then. (When operating upon patients for ovarian 
neoplasm, especially if the tumor is thought to be malignant, the entire 
peritoneal cavity should be explored. — C. C. N.) 

Presenting a Krukenberg tumor ivith rectal involvement, Runyeon'- 
states that such a complication is very rare, only a few ha^^ng been 
reported in the literature. In revicAving Krukenberg tumors in general, 
he has collected 91 cases in 23 of which only the OA-ary Avas invoh'ed. 
He asks, therefore, AA'hy it is necessary that the OA’arian picture must 
ahvays be a secondary one. He belieA’es that a carcinoma of this type 
may originate in the OA-ary primarily in certain cases, and by its presence 
stimulate the connective tissue cells of the OA’ary to the same groAvth 
that is produced by a carcinoma originating in the stomach and secon- 
darily involving the ovary. This is, of course, contrary to most opinions. 

Arrhenoblastoma. A rare but exceedingly interesting tumor, Avhich 
at times produces effects on sex characters almost diametrically the 
opposite of those resAilting from granulosa cell tumors, is the arrhen- 
oblastoma, Avhich has a masculinizing effect on tlie patient. NoA'ak 
and Long^ state that the histogenesis of these tumors is to be sought in 
certain undifferentiated cells persisting in the rete and capable of later 
function along either male or female lines. To put it another Avay, 
every Avonian shelters Avithin tlie medulla of the ovary a potential 
testis. Under certain conditions this undifferentiated male tissue may 
become actiA'e,and its male endocrine inffuence mayoverride the primary 
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female tendency. The clinical manifestations of these tumors vary 
a,ccording to the degree of their masculinizing hormonal influence, and 
this in turn appears to be a reflection of the degree of undifferentiation 
of the tumor cells. In the most extreme cases the woman who has 
previously been of normal feminine type becomes amenorrheic, tlie 
breasts flatten and atrophj', a heavy growth of hair appears over the 
face, chest, abdomen and lower extremities, the figure loses its normal 
feminine curves and assumes the typically more angular contour of 
the male and the voice becomes much deeper, owing to laryngeal hyper- 
trophy, The clitoris may show such hypertrophy as to be almost penis- 
like in its proportions. Such symptoms occurring in a patient who has 
developed an ovarian tumor should lead to the suspicion that one is 
dealing with an arrhenoblastoma. Removal of the tumor leads to a 
regression of the symptoms, thus establishing its causative role. Tumors 
of this general group are usually unilateral and, like most tumors of 
this embryonic group, are of a relatively low degree of malignancy. 
Only a small group of these tumors has been reported, but with new 
interest in the syndrome tliere is little doubt that the number will be 
rather rapidly augmented. The case reported by Matliias'^ is of 
especial interest in that after removal of the tumor there was a subse- 
quent pregnancy, there being only 4 similar cases in tlie literature. 
In this case a girl, aged 17, had an amenorrhea of 2 years’ duration, 
during which time masculine characteristics developed, including a 
growth of beard, male type of pubic hair, loss of feminine contour, 
alteration in voice and enlargement of the clitoris. After the removal 
of an arrhenoblastoma, most of the secondary male characteristics 
disappeared. The patient subsequently conceived and was delivered 
by section because of the male type of pelvis. 

Other Rare Tumors. A third type of tumor which alters the sexual 
characteristics of the afflicted pei-son, differing from both the granulosa 
cell tumor and tlie arrhenoblastoma is tlie theca cell tumor or “fibroma 
thecocellulare xanthomatodes ovarii.” Two cases of tliis type have 
been reported bj^ Melnick and Kanter,^'*' who state that there have 
previously been reported only 6 similar cases. These tumors are of 
the feminizing tjqie and, like the granulosa cell tumors, produce glandu- 
lar hyperplasia of the endometrium, together with more or less periodic 
bleeding in postmenopausal women and amenorrhea in younger women. 
Such effects are undoubtedly due to the secretion of estrogenic hormone 
by the tumor. The site of origin of this hormone (theelin) is still a 
point of discussion. The Graafian follicle, particularly the granulosa 
cells, has been considered to produce the hormone, but these autliors 
believe that there is much evidence that the cells of the theca interna 
play a role in its production. 1^^lile the function of tlie theca interna 
has been much of a mystery, its activity in the ripening follicle, in the 
young and degenerating corpus luteum and in tlie atretic follicle indi- 
cates that it has a possible function. In the cases described, the tiunors 
arose from the cells of the tlieca interna and since they exerted a distinct 
hormonal effect, they believe tliat the theca cells take part in the 
production of theelin. 

The occurrence of a sqxiavious-cdl epithelioma in a dcrvioid cyst of 
the ovary is unusual. Counseller and Wellbrocld® found 7 (1.7%) 
in a series of 408 dermoid cysts which proved grossly and microscopically 
to be associated vdth primary epitlielioma of the epithelial elements 
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of the cyst. Of passing interest it may be noted that 88 of the other 
cysts contained only sebaceous material; 192, sebaceous material and 
hair; 76, teeth in addition; while 45 contained hair, cartilage, bone and 
calcareous material. Discoursing upon the confusion that exists as 
to the proper classification of dermoid cysts, tliey believe that they 
are properly classed as cystic teratomas. A true dermoid cyst is a dis- 
tinctly inclusion cyst, such as those seen in the coccygeal, perineal and 
branchial regions and contains products fyom the ectoderm only, whereas 
the cystic teratoma contains tissues derived from one or all three ger- 
minal layers. Solid teratomas resemble the cystic teratomas in that 
they are usually composed of all three germinal layers. The true 
point of distinction is that the tissues composing the solid teratomas are 
of the early embryonal stage and do not reproduce the highly developed 
and differentiated bodily structures which may be seen in the cystic 
tumors. The solid teratomas are much rarer than the cystic and are 
extremely malignant. The Reviewer recalls the only case of solid 
teratoma which he has seen and which recurred as an extensive growth 
within a month after removal of the primary tumor. 

In reporting an ovarian tumor which contained thyroid tissue Lyday’® 
states that, altliough the incidence of tliis type is supposed to be 
about 2% of all ovarian tumors removed, a relatively small number 
have been recorded in the literature. The case he reports is that of a 
girl, aged 19, in whom an ovarian tumor was discovered by routine 
examination. At operation a large multilocular cyst of the left ovary, 
weighing 8| pounds, was found. At the base of the tumor near the 
pedicle was a solid portion, about 2 inches in diameter, which upon 
'microscopic examination showed typical tliyroid tissue. There were 
no symptoms in tliis case referable to hyperfunction of thyroid tissue. 

Fibroma of the ovary, while a benign tumor, is often confused with a 
malignant condition because it is frequently accompanied bj’’ an ascites. 
An interesting case has been reported by Marshall and Swanton.^^ 

Prognosis of Ovarian Cancer. According to Judd and Phillips,^® on 
opening the abdomen in a case of carcinoma of the ovary, a surgeon’s 
first impression may be tliat the malignant process is too extensive for 
the condition to be remedied. However, in many instances careful 
dissection will afford a chance for palliative relief and in such cases the 
patients have lived over 5 years. Even in the most hopeful cases, ade- 
quate treatment will include removal of the uterus, tubes and ovaries. 
Metastasis is usually by direct extension or by implantation. Papillary 
cystadenomas, in particular, have a tendency to rupture early in tlieir 
course, and numerous nodular gimvths may develop. If secondary 
growths are present, as many as possible should be removed. In some 
cases the body of the uterus will be involved; therefore, hysterectomy 
should be included in any operation. If there should be a recurrence 
of tlie pelvic tumor at some later date, a second operation may be 
justified. Often removal of such a lesion will so completely control 
the disease that the patient is able to live for the normal span of life. 
They believe that the prognosis depends on many factors. The grade 
of the ovarian malignancy is one of the important determinants, since 
each of 2 patients who had adenocarcinoma of the ovary, graded 1, 
has lived more than 16 years since operation. An intracystic process 
is more likely to be controlled than one that is extracystic. In both 
cases in which the tumor was graded 1, the condition was bilateral, 
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and in one of these the growth was not onlj’^ extracystic but had rup- 
tured and produced multiple implants. It has been shown that in 
about 25% of the cases the disease will be bilateral. Because of the 
lapse of this length of time, and because both of these patients are 
entirely well at present, they believe that they will continue to be free 
from the disease and will have many additional years to live, as they 
are now aged only 51 and 52 years. 

Irradiation Therapy of Ovarian Cancer. Backed by a most exten- 
sive clinical experience, Healy’® is of the opinion that ovarian tumors 
should be treated surgically unless there is some contraindication to 
operation, since it is often difficult to differentiate clinically between a 
benign and a malignant ovarian tumor and surgical removal of the 
former should always result in cure. If at operation the tumor is 
found to be malignant but is apparently completely removed, post- 
operative irradiation of the entire pelvic and tumor field with high- 
voltage Roentgen ray should, nevertheless, be done within from 4 to 
8 weeks. Such treatment should always include the line of incision, 
because of the frequency of incisional recurrences from implantation 
metastases. This series of Roentgen ray treatments should be repeated 
2 or 3 months later. If the tumor is malignant, and at operation is 
only partially removed or not removed at all, intensi^"e postoperative 
irradiation of tlie entire tumor field with high-voltage Roentgen ray 
should be established as soon as the condition of the patient will permit. 
If the tumor masses respond to radiation but do not disappear, the 
series of treatments should be repeated as soon as the condition of 
the patient’s sldn in the irradiated fields will permit and as often there- 
after as may seem to be necessary. If the clinical findings indicate 
that tire tumor is probably malignant but is too extensive for operation, 
radiation therapy with high-voltage Roentgen ray or the radium pack 
■ should be intensively carried out. If thereafter sufficient improvement 
is obtained, surgical interference may be then instituted. Tumors 
complicated by large quantities of free fluid or metastases should be 
intensively irradiated and observed for a time before resorting to ex- 
ploratory operation, as the tumor masses will, in many instances, 
diminish markedly in size and occasionally may disappear entirely. 
Free abdominal fluid, if present in sufficient quantity, should always 
be removed by paracentesis before radiation treatment is given and 
as often as may be necessary during the course of treatment. 

hlontgomery and FarrelF® have analyzed 22 cases of ovarian carci- 
noma according to type, grade of malignancy, operability and response'to 
postoperative Roentgen ray treatment. Of 11 patients observed more 
than 5 years, 5 (45.4%) are alive. Of 14 patients with papillary cystade- 
nocarcinoma, 7 are living and 7 are dead; 3 patients had papillary adeno- 
carcinoma, 1 is living and 2 are dead; 4 patients with adenocarcinoma 
are dead; 1 patient with granulosa cell carcinoma is li^^ng. In order 
of malignancy, the granulosa cell is the least malignant, the papillary 
cystadenocarcinoma the next, the papillary adenocarcinoma is more 
malignant than the preceding and the adenocarcinoma is the most 
malignant. They also believe that the histologic grading of malig- 
nancy is important in the prognosis of ovarian cancer. Only 1 patient 
in their series whose tumor was of high-grade malignancy has survived 
for more than 5 years; all others with tumors of intermediate or high- 
grade malignancy are dead. They state the ob^•ious fact that the more 
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completely operable the tumor, the greater the life expectancy, and they 
have also found that postoperative Roentgen ray irradiation is often 
of value in relieving pain and ascites and in reducing the size of the 
tumor. -A comparison of this series of patients treated with post- 
operative irradiation and a group treated by operation alone indicates 
that the duration of life is longer in the irradiated patients, so that they 
urge postoperative irradiation in every case, no matter how hopeless 
the prognosis, if the general condition of tlie patient will permit. In 
the discussion of this paper Keene presented his observations on 
38 cases which he diwdes into 3 groups: (1) Ad^^anced lesions with 
advanced peritoneal carcinomatosis, in which the primary growth could 
not be removed; (2) removable growths, but peritoneal metastases 
present; and (3) tlie early cases where the growth could be completely 
excised and there was no visible evidence of extension. Twenty-one 
patients are dead and all belonged to Groups 1 and 2. In 90% of 
these, death occurred in 2 years or less after the beginning of their 
treatment. In his experience the histologic grading has been of little 
or no value in prognosis. He found that postoperative irradiation 
diminished or relieved pain in 60% of the cases. Ascites was present 
in 22 cases, and in one-third of these accumulation was retarded, thus 
lengthening the interval between tappings and, in a few, it was entirely 
checked.' Abdominal masses were reduced in 30% and in some they' 
completely disappeared for a time. These results seem to justify the 
conclusion that Roentgen ray irradiation is of value as a palliative 
measure. His experience has also shown that even in the presence of 
peritoneal metastases, the primary growth should be removed when- 
ever possible. The advisability of combining deep Roentgen ray 
therapy with operation in the early cases is still controversial, but the 
evidence at hand strongly indicates that by combining the two, the 
total 5-year salvage will be increased. 

In this same discussion Widmann stated that at the Philadelphia 
General Hospital they have not discovered anything that will control 
the untoward symptoms which accompany intensive irradiation. 
Intravenous glucose and sometimes normal saline seem to have been 
beneficial. He does not believe that anemia is a contraindication to 
irradiation, since patients with red blood cell counts as low as 2,000,000 
and a hemoglobin as low as 25% will tolerate radiation given cautiously. 
On the other hand, a white blood cell count less than 3000 seems to be 
the most decided contraindication. In the very profound anemias he 
believes it worth while to consider transfusion for transient benefit. 

Frank B. Block. 
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TUBERCULOSIS OF THE SKIN. 

Recent Progress m Theory and Practice. 

Pathology and Immunology. The principal contributions of the past 
2 years in tliis field have included a further report by Kren and Loiven- 
stein^ on die cultivation of tubercle bacilli in the blood of patients with 
various forms of clinical tuberculosis and tuberculid; the discussion of 
die significance of anergy in relating such conditions as sarcoid of Boeck 
to cutaneous tuberculosis (Jadassohn-) ; die observations of Kallos and 
Nadian^ .on some cultural peculiarities of die tubercle bacillus from 
human cutaneous tuberculosis; die significance of the epicutaneous or 
tuberculin patch tests in diagnosis and as a ineasm-e of tuberculin 
allergy by Hruszek^ and Sipos;® and finallj^ die discussion conducted 
at die reunion in Strasbourg by a large group of French-speaking 
dermatologists on the etiology of sarcoid and its possible relations to 
tuberculosis and other conditions. 

Summarizing diis ivork, it appears diat Kren and Loivenstein, who 
originally announced 75% positive cultures of tubercle bacilli from the 
blood by a special mediod in cutaneous tuberculosis of various types, 
have conducted 377 furdier examinations of 101 cases of cutaneous 
tuberculosis and 32 cases of lupus erythematosus. These audiors 
contend diat die usefulness and applicability of dieir method lias been 
supported by odier reports in die literatoe, including IS positive 
cultures in cadaver blood and 12 from die blood of l^^^ng patients 
with cutaneous tuberculosis. They obtained in dieir second series 
ol.S positive cultures; 20% positive on a single trial and 100% positive 
on cases subjected to 4 cultural attempts. This work must be rated 
as still unconfirmed. Jadassohn,® both in independent publication and 
before the Strasbourg reunion, pointed out the strildng resemblances 
between die characteristic anergic cutaneous reactions to tuberculous 
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inoculation in rats and human sarcoid. He pointed out that not only 
did tubercle bacilli rapidly disappear from the site of inoculation in 
an anergic animal or individual, but that the organisms which remained 
were rapidly changed in morphologic characteristics. The histologic 
reactions were very suggestive of sarcoid. He, therefore, considers tliat 
it is justifiable to interpret human Boeck’s sarcoid as a form of anergic 
tuberculosis in man. Kallos and Natlran showed that only the serum 
of patients with cutaneous tuberculosis can inhibit growth and change 
the morphology of tubercle bacilli cultivated in cutaneous lesions. 
Serum from patients with pulmonary tuberculosis has no effect.^ The 
serum from patients with lupus erythematoides and Boeck’s lupoid had 
no effect on cutaneous strains of tubercle bacilli. The work was per- 
formed on laboratory strains and could not be confirmed on tubercle 
bacilli cultivated directly from the. human cutaneous lesions. 

The observations of Kallos and Nathan on the specificity of patch 
test performed with 10% old tuberculin on patients with cutaneous 
tuberculosis as a means of diagnosing tuberculous lesions,_ have been 
subjected to furtlier study, and the prevailing opinion is that the 
tuberculin patch test, when positive, is a measm-e of the grade of allergic 
susceptibility to tuberculin in the individual but does not require the 
presence of a cutaneous tuberculous lesion for a positive reaction. 

Epidemiology. Ledermann,'^ in studying the incidence and propor- 
tion of tuberculosis of the skin in tire clinics of Breslau, made the 
observation that tliere was a marked decrease in fatality of tuberculosis 
in Prussia up to the time of the World War (31 per 10,000 to 14.5 per 
10,000) with a reversal of tire trend or increase of frequency following 
the war. In Breslau there was a marked increase of both cutaneous 
and glandular tuberculosis from 1913 to 1919, with a recession following 
the siege of 1918-1920. Tuberculosis verrucosa cutis, however, was 
an exception and did not increase in frequency because of the war. 
The author pointedly remarks on the unreliability of epidemiologic 
figmes based on clinic attendance, for it was distinctly observed that 
the picture of tuberculosis as seen in tire clinics was influenced by the 
movement of physicians back to the countiy after the war, witli cor- 
responding changes in clinic attendance. 

Various Clinical Types of Cutaneous Tuberculosis. Erythema Nodo- 
sum. The relation of the more or less non-specific clinical picture of 
erythema nodosum to tuberculosis is arousing widespread interest. 
For a number of years tlie closeness of this relationship in infants and 
young adults exposed to tuberculosis has been more or less recognized, 
but lacked precise definition. In an editorial in the Laiicet (2, 660, 
1934), the entire problem is reviewed. Four types of the condition are 
recognized: (1) A form which may be regarded as an infectious disease 
sin generis and more properly called nodal fever;' (2) a type associated 
vnth. acute or subacutb rheumatism; (3) the tuberculous type; (4) a 
type due to various toxins, especially from streptococci. Slot® believes 
that in London at least the majority of cases are due to streptococcal 
and not to tuberculous infection. This view is vigorously opposed by 
Forman and IVhitwell,® of Guy s Hospital, who quote Symes as finding 
that 10% to 20% of erythema nodosum patients subsequently devel- 
oped tuberculosis, the period of greatest danger being 6 months after 
the appearance of the nodes. _ Symes quotes the Scandinavian incidence 
as being in some cases as high as 50%, but most frequently 10% to 
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30%. He cites Wallgren,'® who obtained tuberculous infections in 
guinea pigs by inoculating them witli the washings of the stomachs of 
children with erythema nodosum. The fact that the erythema nodosurh 
precedes the appearance of frank tuberculosis explains the relative 
rarity of the condition in the frankly tuberculous individual. Lendon 
observed 40% phlyctenular conjunctivitis in his cases and Symes, 10%. 
Forman and Whitwell conclude that erythema nodosum is a reaction 
to bacterial allergy and do not subscribe to the rheumatic or strepto- 
coccal etiology so far as England is concerned. They point out the 
futility of padiologic and bacteriologic studies of tlie nodes because of 
tire presumed small number of the bacilli and the rapid bacteriolysis 
which occurs in tire inflammatory allergic reaction. The frequent 
initial ser^ere sore throat these authors believe activates tire tuberculous 
focus. They subscribe to Ranke’s view that erythema nodosum is a 
secondary tuberculous manifestation with the probable course of events 
including a primary inoculation rvitlr tubercle bacilli usually tia the 
respiratory tract, but occasionally through the skin or other structures. 
The patient becomes acutely allergic as a result of this inoculation, 
where erythema nodosum ensues, but in the case of miliary tuberculosis 
a depressed sensitivity to tuberculin develops. Comparing the child 
with erj'tliema nodosum with tlie adult with erytliema induratum, tlie 
authors believe that erythema nodosum is a manifestation of a high 
degree of allergic susceptibility, while the chronic erythema induratum, 
in which tubercle bacilli have been found, is an e.xpression of late slight 
allergic reaction in a patient primarily infected years before. 

In tlie Scandinaiian countries tlie acceptance of erythema nodosum 
as tuberculous is apparently quite general, whereas tlie German school . 
is inclined to oppose the conception. Giertsen” studied 93 cases in 
Bergen, from 1924 to 1931, of which 87% were between tlie ages of 
15 and 30; and a marked adenitis at tlie hilus of the lung was found in 
80% of 89 patients. In 48 of tliese cases pulmonary infiltration or 
pleurisy was found within tlie first month after the appearance of the 
erytliema nodosum. Pathologic changes at the apices were rare. The 
Pirquet test was positive in 46 of 47 cases. The sedimentation test 
was \"ery valuable, an increased rate of sedimentation more than a 
month after the nodes had appeared being interpreted as evidence of 
active disease of tlie lungs or pleurfe. 

Ernberg^- has studied 200 cases of erythema nodosum at the Sachs 
Children’s Hospital in Stockliolm, and concludes tliat erythema nodo- 
sum is to be regarded in general as a symptom complex of tuberculous 
nature. The focus is usually in tlie region of the pulmonary lymph 
nodes. It is essentially an autogenous tuberculin reaction, character- 
ized by a general, local and focal phase, including fever, the character- 
istic eruption, and a focal reaction in the hilar region. It appears most 
often as a I'ery earlj’^ stage of tuberculosis in the transition from the pre- 
allergic to the allergic state. In some cases an infectious disease may 
precipitate tlie allergic condition. In treatment it is important to 
estimate the condition of the pulmonary lymph nodes. The prognosis 
is usually favorable, and it is frequentlj' possible to trace the source of 
infection to a formerly unknovsm carrier, namely, a person with open 
tuberculosis. Rotnes*^ publishes independently confirmatory evidence 
of the open tuberculous source of infection in erj’thema nodosum in 
his description of a "family epidemic,” in which 4 sisters living together, 
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2 children and 2 adults suffered within 5 weeks from acute and typical 
erythema nodosum. In both children a probable fresh lung infection 
was detected radiologically. Both adults were free radiologically. All 
4 gave strong cutaneous tuberculin reactions. Shortly before the at- 
tack, 1 child and 1 adult had been found Pirquet-negative and also 
with lungs free radiologically. No tliroat or rheumatic symptoms were 
found in any case. The tuberculous husband of 1 of the grown-up 
sisters had recently come to live in the house, and before his death, 
a few months later, he infected 3 children additional to the above. 
The author concludes that the erythema nodosum was of tiie same 
nature in all 4 cases; that tuberculous infection was an essential condi- 
tion for its development and that in no particulars did it differ from 
classical “idiopathic” erythema nodosum. In Cruise’s^* careful study 
of 33 cases of erythema nodosum in pupil nurses, ^ either developed 
definite tuberculosis or were suspicious of tuberculosis either at the time 
of the eruption or within 6 months; and over | had erydhema nodosum 
during or after their affiliation with an institution for the treatment of 
tuberculosis. Cruise, as a result of this investigation, rates erytlrema 
nodosum as fully as much a manifestation of tuberculosis as pleurisy 
with effusion. One nurse developed active tuberculosis of the lungs 
within 6 months after having acute erytliema nodosum and succumbed 
within another year. Similar cases have been mentioned in the Ameri- 
can literature during the past decade, and Holmes'® states that in the 
Frederiksburg Hospital, Copenhagen, in Pirquet-negative nurses ex- 
posed to tuberculous infection, 22.1% developed erythema nodosum 
within 7 montlis from the first date of exposure. This r&ume does 
not by any means include the full roster of publication during the past 
several years on tliis topic, so that the volume of evidence for a tuber- 
culous factor is larger even than here presented. 

Primary Inoculation Tuberculosis. The rather scanty literature on 
this subject is reinforced by a careful report from Siegl.'® The 5 children 
all presented negative pulmonary examinations, both clinical and radio- 
logic, blood stream infection was excluded and the conspicuous and 
sharply reactive lymphatic metastasis was easily identified. Siegl believes 
that a negative tuberculin test does not exclude systemic tuberculosis 
in these cases, but points out that the clinical picture of primary inocu- 
lation tuberculosis is easily recognized by the very marked lymphaden- 
itis, which does not occur in local inoculation of the exogenously infected 
tuberculous child (as in the case of tuberculosis verrucosa from thumb 
sucking which he cites). In tuberculosis verrucosa cutis, no regional 
lymphadenopathy is observed. The article is accompanied by a num- 
ber of excellent illustrations. Ledermann'’^ disagrees on the matter of 
local lymphadenopathy which he says is marked in tuberculosis \Wu- 
cosa cutis. This form of inoculation tuberculosis was found to occur 
chiefly in farmers and laborers, usually on the hands, and to be, in 60% 
of cases, of the bovine type. 

L7ipus Enjthcmatosus. The relationsliip of this condition to tuber- 
culosis was studied by KeiP® on the basis of the recorded 125 post- 
mortem examinations of patients with lupus erythematosus, plus 20 in 
tlie author’s own series. From the literature only 20% of autopsies 
show active or possibly active stigmata of tuberculosis. From the necrop- 
sies personally studied as well as those afforded in tlie literature, Keil 
comes to the conclusion tlrat the occurrence of tuberculosis in’ cases 
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of lupus erj'tliematosus is only coincidental, and tliat tliere is no justi- 
fication for tlie assumption tliat active tuberculosis is present merely 
because the patient has lupus erythematosus. No account is apparently 
taken in this study of tlie significance of allergic states. 

Sarcoid of Boeck. This disease, the clinical manifestations of which 
range from papular eruptions to bluish tumors and infiltrations of tlie 
skin with a tuberculoid arcliitecture, has long been the battle ground in 
the discussion of tuberculous etiology. The 1934 Strasbourg reunion*® 
devoted practically its entire session to the consideration of this ques- 
tion. At the close, Pautrier surveyed tlie confused terminology, 
eliminating miliary lupoid from the conception of sarcoid, and likewise 
the deep subcutaneous sarcoid of Darier-Roussy. He pointed out that 
the sarcoid originally described by Boeck was a generalized disease 
affecting tlie skin, bones, glands and lungs and tliat in this conception, 
Schaumann’s benign Ijunphogranulomatosis and the Besnier-Tenneson 
hi-ptts 'pcrnio could be regarded as varieties of tlie same disease. Even 
Pautrier’s attempt at terminologic reconciliation provoked disagree- 
ment, in which Darier considered tliat sarcoids presented a multiple 
etiology and Nicolas and Gate did not believe tliat the deep sarcoid of 
Darier-Roussy could be decisively separated from tlie sarcoid of Boeck. 
Kissmeyer insisted on tlie resemblance of tlie condition to leprosy rather 
than tuberculosis; Schaumann supported tlie tuberculous etiology; and 
Ramel and W. Jadassohn spoke in favor of tlie tuberculous etiology. 
Hollander and Schlesinger®® summarize tlie blood picture in 4 patients 
from the standpoint of a possible tuberculous etiology, vdtli an inclina- 
tion to classify tlie disease as tuberculous. 

Granuloma Annulare. This condition has been one of the long- 
standing puzzles of dermatologic etiology. MicIiaeF* has produced a 
massive reHew of tJie literature of the etiology of gramdovia ajimdare, 
from which he concludes (including tlie eiddence from 8 cases of his 
own) that in some cases its tuberculous origin seems well supported, 
but tliat in a larger proportion it is not. In other words, it is still an 
infectious granuloma of unknomi origin. Bertin,®® at the Strasbourg 
reunion, draws essentially the same conclusions from his observations. 

Michelson and Winer®® pass some interesting comments on tubercu- 
losis of the skin as it appears on the face. They emphasize the need 
for examining at least 25 sections from any biopsy for an adequate 
histologic appraisal, and frankly state that the histology of tlie various 
types of tuberculous lesions of the face is entirely inadequate for tlie 
drawing of sharp lines of differentiation. During tlie lymphocytic 
and exudative phase of the involution of individual lesions bacilli can 
frequently be found, but in the tuberculoid period they have been 
destroyed. Early lupus vulgaris is sometimes difficult to diagnose, 
for it looks more like a chronic diffuse inflammation. Central necrosis 
and caseation is not a necessity for the diagnosis and remnants of 
bloodvessels mil usually be found at or near the center of tlie lesion. 
Most cutaneous tuberculosis may be looked on as arising from a hematog- 
enously borne infection. 

Treatment of Cutaneous Tuberculosis. From the very large litera- 
ture on this topic, tJie account given by Funk®* gives a particularly 
clear r&unie of current conceptions. He estimates that there are 50,000 
cases of cutaneous tuberculosis in Germany. Emphasis must be on the 
use in each indiiddual case of every available constitutional measure in 
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addition to tlie complete destruction of the individual lesion. _ His 
estimate of the Sauerbruch-Hermannsdorfer-Gerson salt-poor diet is 
particularly interesting. He states tliat in from 6 to 24 months com- 
plete healing of lupus vulgaris can be secured by tliis dietary procedure, 
which he says surpasses even the Copenhagen light therapy in effective- 
ness. There are, however, diet refractory cases, and tlie necessity for 
following the prescribed dietary regime exactly, in amount, quality and 
character of food, makes it essentially an institutional procedure. The 
calorific requirements range from 2800 to 3000, with a protein-fat- 
carbohydrate ratio of 90 to 160 to 240. Its cost and the difficulties of 
preparation make it available to relatively few. In discussing light 
therapy. Funk emph^izes the caution necessary in cases of visceral 
involvement and stresses Rollier’s plan of exposing the skin to air for 
some time before beginning the sun cure. The gradual exposure of 
increasing areas of the skin, tlie necessity for urinalyses, protection of 
head and eyes, and introduction of periodic rest periods for depigmenta- 
tion^are less familiar points. He speaks liighly of tuberculin, emphasiz- 
ing the necessity for watching possible visceral foci and commenting 
on the occasional extensive necroses with the sloughing out of an entire 
lesion, which occur under tuberculin therapy. He rates the bacillary 
preparations as worthless, including Friedman’s vaccine. The tech- 
nique whicli he employs is essentially tliat of Doutrelepont and Zieler, 
with a test dose of 0.01 to 0.1 mg. O T intradermally, increased to 
0.25, 0.5 and 0.75 mg. intramuscularly. Hoffman begins with 0.002 
to 0.5 mg., increasing very slowly. In discussing surgical excision, 
which he recommends as in the main the most satisfactory method 
for completely removing the cutaneous tuberculous focus, he recom- 
mends irradiation of the scar with ultraviolet light, under pressure, 
and the necessity for absolute and deep obliteration of the affected tis- 
sue, on account of the presence of small deep vascular foci. High 
frequency current is very satisfactory for excision purposes. Plastic 
restorations following surgical removals must be avoided except after 
years of satisfactory healing. The excision of a tuberculous area in 
the skin should not be attempted under local anesthesia, on account 
of the frequent unexpected necessity for deep excision. Pyrogallol 
and ointments are rated as suitable only to small lesions on the face 
and should always be combined with light therapy and tlie SHG diet. 
Funk commends the Pfannenstiel method of treating mucosahtuber- 
culosis by the internal administration of sodium iodid with a gargle 
of hydrogen peroxid. Certain proprietary lipoiodin preparations can 
also be used in conjunction with the hydrogen peroxid, their effect pre- 
sumably being to liberate nascent iodin in the tissues. 

An equally valuable review of the treatment of lupus vulgaris from 
the Scandinaidan standpoint is that of Lomholt.^^ The incidence of 
lupus vulgaris is rated by him as approximately 1 to. 1000 in Denmark, 
and approximately the same in Germany. Direct inoculation is rare 
and produces only small and benign lesions. The e.xtension may be 
from a suppurative lymphadenitis, a colliquative tuberculosis of the 
skin, especially in children, and from tlie region of tuberculous fistulfe 
Hematogenous and lymphogenous transplants from tuberculous foci iii 
iJie lungs, lymph nodes and mucosa of tlie nose are rated as the most 
important. Patients witli pulmonary tuberculosis seem fairly immune 
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Lupus ^^llga^is is bo'v’ine in origin in 40% of cases, but tliere is no clinical 
difference in tlie course of tlie bo\arie and Iiuman tj'pe. 

Eighty per cent of cures are obtained witli Finsen light treatment 
with tlie concentrated carbon arc supplemented by carbon arc light 
batlis. In earlj’’ cases, witli small lesions, the recovery is rated at 
100%. The experience of tlie Finsen Institute until tlie Gerson diet 
in 40 patients, on whom it was used, was unsatisfactory, but a high 
idtamin diet was recommended. Like Funk, Lomholt recommends 
surgical excision as tlie most certain atid successful metliod; witli elec- 
trocoagulation, tlie risk of recm-rence is less, but tlie scar more conspicu- 
ous. Scarification is rated as relativelj’' ineffective; chemical corrosives 
including pyTogallic acid remove most of tlie diseased tissue but rarely 
result in complete recoveries. The scar, moreover, is apt to undergo 
disfiguring hypertrophy, which also makes subsequent light treatment 
much more difficult. Treatment with tlie Kromayer water-cooled 
mercury vapor lamp is rated as less expensive but inferior to the Finsen 
light. The details of tlie Finsen metliod are fully given. Koentgen 
ray and radium are rated as giving a good transitory symptomatic 
effect, but definite cm-e is rare and Roentgen ray sequelae common. 
In this connection, Hesse-® attacks Roentgen ray as tlie most dangerous 
and unsatisfactory of all metliods by arguments whicli are seemingly 
incontestable. 

An interesting tlieoretical discussion of tlie meclianism of the SHG 
diet is tliat of Bommer.*^ He remarks tliat tlie disappearance of 
inflammation is characteristic of tlie SHG diet — tlie precise opposite 
of tlie tuberculin method of treatment and that tlie degree of healing 
under the diet depends on tlie degree of disappearance of tlie inflamma- 
tion. He has observed benefit to skin injuries from Roentgen ray by 
placing patients on the SHG diet, tlie involution and paling of hyper- 
trophic scars and recovery from an extensii'’e vasomotor liiddity in an 
indi\ndual case. From tliese observations he concludes that tlie effect 
of the SHG diet is on tlie vascular system and perhaps on tlie water 
balance of the body, and tliat the diet is, therefore, essentially a metliod 
of treating tlie vascular abnormality which underlies tlie tuberculous 
manifestations. 

Tuberculin treatment of lupus mlgaris received strong support from 
the obsen-ations and experience of Aitken.-® He cites particularly the ' 
work of tlie Edinburgh group, headed by Norman Walker, as a fairly 
conclusive demonstration of tlie great value of tuberculin therapy in 
treating lupus Auilgaris. Spietlioff-® briefly summarizes his technique 
of the treatment of lupus ^mlgaris Avitli the Bucky Grenz irradiation, 
tliough he gives no precise statement of results. Large doses are 
necessary, tlie average being 4600 R vnth 9 kv., 2.5 cm. skin-window 
distance, and in some cases a dosage ranging as high as 6200 and 9200. 

Areas larger than 3 cm. are not satisfactorily treated at a single 
exposure. In hjqiertrophic cases, a field of 2.5 cm. until 1 cm. skin- 
uindoAv distance and 28,750 R has been employed. The cost is less 
than Roentgen raj% tlie chief source of expense being damage to tlie 
windoAvs of the apparatus. The metliod must be regarded as still 
unevaluated, 

John H. Stokes, 

Vaughn C. Garner 
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Observations on Adrenalectomized-depancreatized and Hypophy- 
sectomized-depancreatized Cats. C. N. H. Long and P. D. W. Lukens 
(George S. Cox Medical Research Institute, University of Pennsylvania) . 
Adrenalectomized - depancreatized or h^TJophysectomized - depancrea- 
tized cats in the fasting state excrete less glucose and nitrogen than 
totally_ depancreatized animals. Furtliermore, the intense ketonuria 
which is such a characteristic feature of depancreatized cats does not 
appear in the doubly operated animals and, in fact, is absent throughout 
the remainder of life unless measures are instituted that cause its 
appearance. 

The sur^^val of 15 adrenalectomized-depancreatized cats has been 
from 5 to 28 days while 8 hjT^ophysectiomized-depancreatized animals 
have survived from 18 to 85 days. The average survival of IG depan- 
creatized cats was around 4 days. 
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Removal of one adrenal and denervation of tlie other does not alter 
the diabetic condition in the cat. This suggests tliat the adrenal cortex 
rather than tlie medulla is responsible for the changes observed follow- 
ing total' adrenalectomy. In addition the fact that hypophysectomy 
causes regressive changes in the adrenal cortex but not in tlie medulla 
is also eiddence for this point of xaew. 

The injection of anterior pituitarj'^ extract (Squibb) into hypophysec- 
tomized-depancreatized cats is followed by heavy ketonuria and if 
sufficient extract is given deatli in coma occurs in about 48 hours. The 
same extract when injected into a number of adrenalectomized-depan- 
creatized cats does not produce ketonuria or coma even though amounts 
are administered in excess of those sufficient to kill tlie former group of 
animals. 

The injection of lai’ge doses of epinephrin into animals of eitlier type 
has been followed by ketonuria only once in each group. It was later 
found that the supposedly adrenalectomized cat had an accessory cor- 
tical nodule. 


Experimental Studies in Gastric Physiology in Man. III. A Study 
of Pyloric Control— The Role of Milk and Cream in Normal Subjects 
and in Those with Quiescent Duodenal Ulcer. G. Gekshn-Cohen 
and Harry Shay (Laboratories of Drs. Gershn-Cohen and Shay, 
Philadelphia). Roentgenologic studies were made in a group of 7 
normal subjects and in another group of 4 wdth quiescent duodenal 
ulcer. The effects on gastric motility vdth meals of water, milk and 
cream were studied in both groups and attempts made to analyze and 
compare our results vdtli the findings of otliers using different materials 
and methods. The effects of these substances on tJie various intrinsic 
factors in tlie mechanism controlling gastric evacuation were studied 
and compared vith the effects of acids and alkalis on the control of the 
pylorus previously reported. Our findings reaffirm the known marked 
delay of gastric motility caused by the ingestion of milk and cream. 
The direct application of milk and cream to tlie duodenal mucosa 
through a duodenal tube produced a more pronounced delay in gastric 
evacuation than when taken by moutli. The most marked effects of 
these ingested materials were noted at the beginning of digestion 
and were characterized chiefly by spastic contraction of the pylorus 
with cessation of gastric peristalsis, '\^^len this effect was intensified 
by direct application of milk and cream through tlie duodenum, spasm 
of tlie duodenal cap and antrum occurred simultaneously, all three 
anatomic units acting as one. As digestion proceeded, spasm of the 
pylorus changed from a tonic to a clonic type, opening and closing of tlie 
pylorus becoming intermittent. Gastric peristalsis gradually returned 
to normal and intermittent filling and contraction of tlie duodenal 
cap followed. "ViTien botli the duodenal cap and pylorus were opened 
simultaneously, gastric evacuation ensued so that motility from the 
stomach was intermittent. The subjects witli quiescent duodenal 
ulcer differ from the normal only in that after disappearance of the 
initial pyloric and antral spasm, gastric peristalsis w'as intermittently 
markedly intensified ratlier than 'evenlj"- idgorous. Emptjong of water 
was quickest in the achlorhydric and hjperchlorhydric stomachs of the 
quiescent duodenal ulcer group, but emptjnng of milk and cream was 
lowest in tlie achlorhyddcs and quickes.t in the. hyperchlorhydrics. 
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An analysis of tlie elements of gastric evacuation \vould_ lead us to 
believe that tire pylorus can and does function as a true spliincter; that 
an intestinal reflex, probably through the action of a humoral agent or 
chalone, is one of the principal controls in tins action of the pylorus 
during digestion; that the intensity of reflex control of pyloric action is 
proportionate to the fat contents of milk and eream and the iodin 
number of the fats; and that tire spliincteric action of the pylorus is the 
principal element governing gastric evacuation. 

It appears that fiie tested substances act in controlling gastric motil- 
ity principally through the reflex control of the action of the pylorus very 
much like strong acids and alkalis, the action, being more intense and 
longer sustained. 

Duodenal and gastric peristalsis are controlled by the same reflex 
mechanism as the pylorus, but are not so potent a motor element in 
gastric motility. They are, however, definite modifying factors. Whereas 
gastric tone, habitus of the patient, and posture during digestion might, 
under special conditions, have a bearing on gastric motility, gastric 
acid secretory response is a more constant modifying factor. 


Changes in Bloodvessel Endothelium. E. R. and E. L. Clakk 
(Laboratory of Anatomy, University of Pennsylvania. Illustrated by 
motion pictures wth the assistance of E. A. Swenson). , The present 
studies on blood vascular endothelium were based upon microscopic 
observation of Hving bloodvessels and of the cells circulating through 
them, in the transparent tails of amphibian larvse and in transparent 
ehambers permanently installed in the ears of rabbits. In addition to 
prolonged observations in undistiubed vessels, the changes in blood 
vascular endothelium following mechanical injury and extravascular 
injections of minute quantities of various foreign substances (paraffin oil, 
carmine granules, lipoid substances, protein, starch, and dilute croton 
oil) were studied in the amphibian larvae, wliile, in the rabbit, observa- 
tions were made upon the response of the .vascular endotlielium to heat, 
pressure and shght injuries. 

In preceding descriptions of living bloodvessels, the lability of the 
vascular system in respect to its growth capacity was emphasized 
since it was shown that the formation of new capillary networks and 
the remodehng of the vascular pattern characteristic of embryonic 
growth and wound healing are processes which occur constantly in the 
adult mammal in response to minute mechanical, chemical and thermal 
stimuli. The present observations have demonstrated tlie lability of 
vascular endothelium in respect to its consistency. It was found that 
endothelium may undergo a series of changes in consistency depending 
on the character and strength of the stimulus as follows: 

Phase 1. Usual condition of normal circulating bloodvessels in 
wliich the lining is smooth and blood cells of all kinds shp along wffiout 
sticking. Tonicity and elasticity present, also active contractility in 
ampliibian vessels. (No definite endothelial contractilitv has been 
observed in rabbit capillaries.) 

Pase 2. Slight change in consistency of endothehum in response 
to mild external or internal stimuli. Leukocytes stick to walls momen- 
tarily. Tins change is usually transitory but may persist for hours or 
days with no leukocyte emigration. It may suddenly revert at any time 
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to Phase 1. No impairment in tonicity or elasticity — or contractility 
(Amphibia). 

Phase 3. Endothelium becomes more sticky — leukocytes cling 
more tightly to •walls, in larger numbers. No impairment of tonicity 
or elasticity. This phase may be transitory and revert rapidly to 
Phase 2 or 1. 

Phase 4. Further change of endothelium to apparently softer con- 
sistency. Leukocytes emigrate through walls. Tliis stage is usually 
transitory — reversal to Phase 3 or 2 usually takes place after a few 
hours and may occur so abruptly as to snare leukocytes in walls. No 
ewdence of endothelial injury. 

Phase 5. Further change in endothelium of vessels sulijected to 
mechanical injury or located near toxic substance (croton oil, infection). 
Loss of tonicity and elasticity — vessels collapsed if empty, or distended 
and distorted if they contain blood. Extravasation of erythrocytes at 
localized places' in weakened endothelium, but no actual break in wall. 
Resumption of circulation in vessels in this phase causes irregular 
bulgings. Recovery from this phase to Phase 1 takes an appreciable 
time (several days). 

Phase 6. Serious injury to endothelium with break in continuity 
of vessel wall which separates into solid hyalin globules which are 
ingested by macrophages. Retraction of endothelium at two ends of 
such a break. No recovery from this phase. In succeeding days there 
may be new growth of capillary sprouts into such regions. 

The rapidity with which changes in endothelial consistency may 
take place, and the relatively minute stimuli necessary to elicit the 
preliminary changes, together with their reversibility are of undoubted 
importance for an understanding of the phj'siological actiwty of blood- 
vessels. 
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One of the so-called physiologic constants is the concentration of 
calcium in the blood plasma.J That the maintenance of this con- 
centration within a relatively narrow normal range is a function of 
the parathjToid glands has been clearly shown by the tvork of 
Collip.^ This range is, on the average, between 10 and 11 mg. 
per 100 cc. for man, beef, sheep, dogs, cats and rats and somewhat 
higher for rabbits and guinea pigs.' For man, in individuals, the 
extremes of the normal range may be considered to be 9 and 11.5 mg. 
per 100 cc.® 

Owing to a considerable interest in the behavior of calcium in the 
body in health and disease, the gross changes in the concentration 
of calcium in the serum, occurring in various clinical conditions, 
}ia\'e recei^"ed a great deal of attention. The more important find- 

* Road before the Chirago Society of Infernal Medicine, .Ian. 28, 19.35. 
t This -work was aided by a grant from the Josiah Macy, ,7r.. Foundation, 
t While the majority of observations reported in thi.s paper wore made upon 
serum from coagulated blood, it has been shown that the results upon serum and 
upon plasma from blood iircvontcd from coagulation, by a means which does not 
interfere with the ionization of calcium, arc indistinguishable. 

VOL. ISO, NO. .5, .MAV, lO.'iS 21 
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ings, with reference to which agreement is more or less general, are 
summarized in Table 1. 

Table 1.— Total Calcium in Plasma ok Sektoi. 

Etcrakd (12 to 16 mg. per 100 cc.). 

Hyperparathyroidism. ^ 

Hyporproteinemia (especially multiple myeloma). 

Overdosage of viosterol. 

Within or near the normal range (9 to 11.5 mg. per 100 cc.). 

Rickets. 

Osteomalacia. 

Paget's disease. 

Senile osteoporosis. 

Calcinosis universalis. 

Tetany of alkalosis. 

Lowered (4 to 8.5 mg. per 100 cc.). 

Hypoparathyroidism, including parathyroid tetany. 

Hypoproteinemia. 

Hyperphosphatemia of nephritis and uremia. 

Some cases of rickets and of osteomalacia. 

Infantile tetany. 

In 1913, Rona and Takahashh first demonstrated that the calcium 
in the serum could be differentiated into two fractions, about 50% 
being capable of passing through a membrane impermeable to pro- 
teins, the remaining 50% remaining with the proteins of the serum. 
These fractions have since come to be known as diffusible and non- 
diffusible. They concluded that the non-diffusible fraction is bound 
in some way to protein, and this conclusion has been almost uni- 
versally accepted. Interest has, however, centered upon the state 
of the diffusible calcium, known to be free in solution. Nor is this 
merely an academic interest, since it appears that the physiologic 
activity and hence the clinical importance of the calcium in the 
blood depend upon its physical-chemical state. 

In the light of modern chemical theory the common salts of 
calcium in dilute aqueous solution are to be thought of as completely 
dissociated into calcium ions, each carrying a double positive elec- 
trical charge, and the correspondmg negatively charged ions. Cal- 
cium chlorid, for example, does not exist as such in dilute solution, 
but each molecule dissociates into one calcium ion (Ca+^) and two 
chlorid ions (Cl"). On the other hand, certain chemical substances, 
such as citrate, are capable of binding calcium in complex combi- 
nations, in such a way that it loses its electrical charges, certain of 
its chemical properties and at least certain of its physiologic activ- 
ities.^ Since Ca++ and calcium bound to such substances as citrate 
both pass freely through semipermeable . membranes, diffusion 
methods are not of use in distinguishing between these forms. 

Starting with general agreement that at least part of the diffusible 
calcium in serum is in the form of free Ca"^, and with much reason 
to believe that this form is of primary jiliysiologic importance, two 
schools of thought, both supported by e.xiierimental tn'idence, have 
dei'cloped with reference to the state of the diffusible calcium of 
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the blood. One school has held that all, or very nearly all, of the 
calcium not bound to protein is ionized (Fig. 1,/f)- other 

school, relying chiefly upon what is known concerning the solubility 
of calcium carbonate and calcium phosphate, has held that of 
approximately 5 mg. per 100 cc. of serum of the calcium not bound 
to protein, not more than 2 mg. can be in the ionized- state.^ In 
order to account for the remaining 3 mg. a diffusible form of calcium, 
bound to some citrate-like substance, as yet unidentified, has been 
postulated, and has sometimes been called calcium-X (Fig. 1, B). 
As to cerebrospinal fluid, which contains only minute amounts of 
protein, and a total of about 5 mg. of calcium per 100 cc., all diffu- 
sible, the same question arises, and the same differences of opinion 
have existed. Altliough Greenberg and Greenberg® have recently 
concluded that there is no direct evidence in favor of it, most recent 
reviews®’®'^’®'® incline toward acceptance of the calcium-X hypoth- 
esis. Present thought concerning the state of calcium in the serum 
is summarized in Fig. 1. 


non-D\ffU3t6LE. D1FFUS15LE 


A. 

E>. 

C. 



CaProt-5m^. 


Fig. 1. — Various views of approximate distribution of calcium in normal human 
serum. C represents the findings reported in this paper. Ca'^‘+, ionized calcium; 
CaProt, c.alcium bound to protein; CaX, hypothetical bound but diffusible calcium; 
CaCit~. calcium bound to citrate. 


^In view of the uncertainty as to the conditions present in the 
fluids of the normal body it is not surprising that interpretation of 
abnormal finding has been a source of great difficulty, and of further 
difference of opinion. To the clinician this has meant (1) that a 
normal figure for the total calcium of the serum might possibly 
conceal an abnormal distribution between the various forms, and 
(2) that no sound basis has existed for clinical interpretation of 
abnormal fluctuations in the total calcium level. 

Obviously the key to these difficulties lies in the possibility of 
making direct observations of Ca-*+ concentrations. Attempts to 
find a suitable method, by electrometric and otlier means, have-not 
been lacking,^ but have not met with , success, particularly when 
applied to biologic fluids. The studies here reported originated 
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from an attempt on the jiart of the authors to make a new apiirouch 
to such measurements. 

The method finally adopted took advantage of a familiar biologic 
preparation, the isolated heart of the frog, already known to be 
extremely sensitive, within a certain range, to changes in' the 
calcium content of its nutrient .fluid. As to the method, it was 
necessary to show that this sensitivity could be reduced to quanti- 
tative terms, that the preparation is adapted to biologic fluids from 
other species and that the sensitivity is specific for calcium in the 
ionized form, the preparation being indiflFerent to calcium bound in 
combination with other substances. These conditions were met, 
and a method which is worlcable and reasonably accurate resulted.^® 
It is not recommended for use in the clinical laboratory, but the 
studies which it made possible ha^-e yielded another method of esti- 
mation of Ca++ concentrations, to be described, which is available 
for routine clinical use. 

Observations by the frog heart method quickly disposed of the 
question of the state of calcium in the fluids of the normal human 
body. The ra++ concentration in normal human fluids was found 
to be in the neighborhood of 5 mg. per 100 cc. of fluid, and this was 
found to be true whether cerebrospinal fluid, containing a total of 

5 mg. of calcium per 100 cc., or serum, containing twice this amount, 
was examined. It thus appears that all or nearly all of the calcium 
in protein-free fluids, such as cerebrospinal fluid, is present in 
ionized form, and that in protein-containing fluids, such as serum, 
plasma, pleural fluid, and ascitic fluid, Ca++ and calcium bound to 
protein are together sufficient to account for all or almost all of the 
total calcium. There thus seems to be no further reason to jioStu- 
late quantitatively significant amounts of a third form of calcium 
in the fluids of the normal human body, although it can scarcely be 
doubted that a small but insignificant amount of bound but diffu- 
sible calcium, corresponding to the small amounts of citrate present 
in human fluids, does exist in these fluids (Fig. 1, C). 

The calcium-protein relationshijj was next investigated, and this 
study led to the disco^’^ery that the ionization of calcium, in protein- 
containing fluids, is determined by a chemical equilibrium between 
calcium and protein, and that this equilibrium can be described 
as a first approximation by a simple equation. The hydrogen-ion 
concentration also plays a part in this equilibrium, as do magnesium, 
citrate and the albumin to globulin ratio, but the influence of these 
factors, individually and collectively, is small. P^or the details of 
these relationships reference is made to a previous paper by the 
authors.” 

Having shown that the distribution of calcium l^etween Ca++ 
and calcium bound to protein depends upon the total protein present, 
it now became possible to calculate ra'*^' concentrations from values 
for total calcium and total protein. Studies, some of which are 
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IN PATIENTS WITH TOXEMIA OF PREGNANCY. 
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MEDICAL FELLOW OF THE NATIONAL RESEARCH COUNCIL, 
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(From the DeiJartmcnt of Obstetrics and the Laboratories of Physiology in the 

Harvard Medical School.) 

In 1931 Aiiselraino and Hoffman' reported evideiice of tlie pres- 
ence of a blood pressure raising and antidhiretic substance in the 
blood of patients with eclampsia and “nephropathie.” They define 
“nephropathies” as “those patients who have hypertension, edema, 
albuminuria, and so forth, hut who differ from those with eclampsia 
by the normal galvanic nerve-muscle response and by the absence 
of convulsions. Apparently this corresponds to our preeclamjitic 
toxemia. This substance they believed closely allied to pituitrin 
because of similar behavior chemically (both substances are de- 
stroyed by alkali and ultraviolet light, and adsorbed on talcum) 
and because of the ability of the pituitrin to reproduce some of the 
features of eclampsia, such as convulsions and coma, increased blood 
pressure, hemoglobinuria and capillary spasm. 

Tliey used rabbits in their experiments. After having 90 cc. of 
water put into their stomachs with a stomach tube, these rabbits 
were injected subcutaneously with protein-free ultrafiltrates of 
serum from eclamptics and “nephropathies.” A definite and marked 
inhibition of the normal diuretic response was noted. In other 
rabbits they observed a rise in the blood jircssure of the carotid 
artery after injections of the ultrafiltrate from those patients witli 
blood pressures over ISO mm. of mercurv. 
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These findings seemed of the utmost importance in relation to 
the etiology and treatment of eclampsia and an attempt was made 
to repeat this work. 

Methods. The methods described by Anselmino and Hoffman were fol- 
lowed, except those for the preparation of the collodion membranes ■with 
which to make the ultrafiltration and for the recording of the blood pressure. 
As many factors affect the permeability of collodion membranes, and we 
could not be certain of reproducing their membranes from the data, given, 
a graded series of carefully standardized membranes was made with the 
technique of Dr. Edward Colm.^ As their purpose in filtering was simply 
to remove the serum proteins, a sac was used, the permeability of which 
was just sufficient to hold back the proteins. This was made -with 3% 
collodion (made from dried DuPont’s nitrocellulose, viscosity 43 seconds) 
in 25% anliydrous ether and 75% absolute alcohol. The glass mold was 
rotated S times a minute with an electric motor and the collodion applied 
at an even rate from a separating funnel. Four reenforcing coats were 
apphed at top and bottom at 5-minute intervals and then 4 filtering coats 
at 3-minute intervals. Ten minutes after the last coat, the sac was placed 
in 95% alcohol for 30 minutes and then in distilled water until used. A 
new sac was used for each serum. It -was mounted in a suction apparatus 
made by IMacAlaster-Bicknell of Cambridge and filtration carried out at a 
negative pressure of 150 mm. of mercury. This was obtained ■with a water 
pump and a mercurj'' valve. After the preliminary work the graded series 
was obtained by varjdng only the time between coats. The series was 
checked at intervals to be sure that the sac used gave the desired perme- 
abifitj’: The sac used, as well as a much less permeable membrane in the 
series, was sho^wm to allow easy passage of pituitrin mixed ■with acidified 
plasma. 

To determine the blood pressure effects rabbits were lightly anesthetized 
with ether, an incision made in the neck and a section of the carotid artery 
brought outside of the skin. At least 6 hours were allowed for recovery 
and a new rabbit was used for each experiment. At the time of the experi- 
ment the carotid artery ■v\'as cannulated under local cocain anesthesia and 
the blood pressure recorded on a kymograph ■with a mercury manometer. 
A control record of 30 minutes to an hour was taken to show the normal 
variations and the effect of slight manipulation of the animal. Thus a con- 
tinuous mitten record was obtained which was thought to be more reliable 
than any type of intermittent reading of pressure. 

One hundred cubic centimeters of blood were obtained from the patient 
and 5 cc. of 5% sodium citrate were added; 50 cc. of plasma were removed 
and acidified by the addition of 2.5 cc. 1 N. acetic acid. It was then put 
into the collodion sac and suction started. The ultrafiltrate was always 
clear, colorless and albumin-free by biuret and nitric acid tests. In some 
instances it was stored in the icebox overnight. Immediately before using, 
it was neutralized -with 1 N. sodium hydroxid to pH 7, using a spot plate 
and bromthjunol blue as an indicator. 

For the antidiuretic experiments onlj'^ rabbits were used which had 
relatively consistent diuresis curves after receiving 90 cc. of water by 
stomach tube and 10 cc. of saline subcutaneously. They were kept mthout 
food or water from 12 to 15 hours before the experiment. Over half of the 
rabbits had to be discarded because of inconsistent diuresis curves, and of 
the remainder 3 well controlled rabbits were used for the majority of the 
experiments. There was some variation in the height of the diure.sis even 
in these rabbits, init there was always a striking difference after the injec- 
tion of small amounts of pituitrin or pitressin. Tlie results obtained with 
one of these rabbits are shown in Table 1. Of the ultrafiltrate, 10 cc. were 
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injected subcutaneously, in the experiments, while the controls were given 
10 cc. of saline. All saline given subcutaneously was 0.85% sodium chlorid 
which had been neutralized with 1 N. sodium hydroxid after the addition ot 
5 cc. of 1 N. acetic acid per 100 cc. of saline. -.jr -r^ u 

Case Abstracts. Patients with Toxetnia. Case 1. — Mrs. M. 13., aged 
34 Para VI. Previous deliveries normal. Well during this pregnancy until 
3 weeks ago when feet and hands began to swell. No other symptoms. 

Physical examination negative except for slight pitting edema of lower 
legs. Eight months pregnant. Blood pressure, 194/100. Albumin Ipge 
trace with numerous hyalin and granular casts. N. P. N., 25. Patient 
was kept for 2 weeks during which time blood pressure was 140/90-100. 
Urine showed large trace of albumin. Membranes ruptured 2 weeks after 
entry and patient had a normal delivery of a normal baby. Just before 
delivery blood pressure was 160/110. Patient had a normal convalescence 
with the blood pressure going down to 110/80 and a very slight trace of 
albumin with no casts. Blood taken 2 days after entry when blood pressure 
was 194/120. 

Diagnosis. Preeclamptic toxemia. 

Experimental Observations. No antidiuretic response. No pressor re- 
sponse. 

Case 2. — Mrs. K. M., aged 36, primipara, due April 4, 1933. Sent in 
March 25, 1933, by local physician because of increased blood pressure 
and albuminuria for 1 week. Patient had felt entirely well until March 15 
when feet and hands became swollen. Blood pressure on entry was 196/130 
and urine showed a trace of albumin. Past history negative. Blood pressure 
normal in early pregnancy. Physical examination: Obese, hirsute worrian 
with marked edema of both legs, moderate edema of hands, face and sacrum. 
A few rfiles noted at both bases. Blood pressure varied between 170-190/ 
lOOyllO for the first 4 days. Blood was taken on third day for pressor and 
antidiuretic effect. On the fourth day a baby, 8 pounds, 11 ounces, was 
delivered by Cesarean section. Urine showed a large trace of albumin on 
entry. After section blood pressure gradually came down to 130 and the 
albumin decreased. When seen 6 months later blood pressure was 120/72. 
No albumin present. Patient felt perfectly well. 

Diagnosis. Preeclamptic toxemia. 

Experimental Observations. No pressor effect. 

Case 3. Mrs. C. C., aged 38, old primipara due February 17 and sent 
in February 1, 1933, because pf high blood pressure and albuminuria., 

For the past 3 months patient had had increasing edema of the ankles, 
headache for 1 month, vomiting off and on for 1 month, and blurred vision 
of the right eye for 1 week. 

On entry, patient had marked edema of the hands and slight edema of 
face. Blood pressure was 220/164. Albumin— trace to large trace with 
many hyalin casts and a few granular casts. For 2 days blood pressure 
remained 210/98-120 and then a classical Cesarean section was done under 
spinal anesthesia. Blood for determination of pressor and antidiuretic 
substance was taken on day of operation. After operation the blood pressure 
gradually came down to 130/88 and the urine showed a slight possible trace 
of albumm. The baby did well. Since delivery, patient has shown no 
albumm and the blood pressure has been 126-134/84. 

Diagnosis. Preeclamptic toxemia. ' 

Experimental Observations. No antidiuretic response. No pressor 
response. ^ 

A-’ ^ 27, Para IV due August, 1933, was referred 
on June 26 from district for swelhng of hands, face and feet, and hyper- 
tension. Blood pressure, 184/108, and large trace of albumin. Blood 
pressure continued at 190/100 and albumin sliowed a trace for 10 days 



G16 lUTKWlTZ, bi^llock; pressor akd antidiptretic substances 


when she B-eut into lalior and delivered normally a stilll)orn infant. After 
deliver}’’ blood pressure fell to 120/SO and albumin disappeared. Blood 
was taken the day after entry. 

Diag7wsis. Preeclamptic toxemia. 

Expenme7iial Ohse7-miio7is. No antidiuretic response. No pressor 
response. 

C.^.SE 5.— Mrs. A. F., aged 32, Para IV, due May 27, 1933. Patient 
entered May 28, 1933, because of acute pulmonary edema. On admission 
was markedly dyspneic; blood pressure Avas 195/100; pulse, 120. She had 
a presystolic murmur. Lungs rvere full of rdles. Patient given morphin 
during the night. Blood taken for pressor antidiuretio response that 
night. The next day patient went into labor and delivered a normal 
infant. After delivery blood pressure went dorvn gradually to 150/100, 
B’here it remained for a Aveek then AA’ent doAvn to 120/70. Urine shoAved a 
trace of albumin on entry and for first few days. Since discharge patient 
has had no albumin, no elevation of blood pressure and no dyspnea. 

Diag77osis. Preeclamptic toxemia, rheumatic heart disease, mitral 
stenosis. 

Expeyi777e7iial Ohseri’oh'oJi-s. No pressor effect. 

Case 6.— Mrs. V. G., aged 41, para VII, due May, 1933. Referred on 
May 27, 1933, Avith Irlurred vision, headaches of 2 months’ duration, edema 
of legs for 2 months. Blood pressure Avas 190/120 and eyegrounds shoAA’ed 
many large and small areas of cotton-Avool exudate and many small hemor- 
rhages in the retina. Blood pressure remained 180-190/120. Membranes 
Avere ruptured on May 29 and patient AA’ent into labor and delivered a stillborn 
infant full of congenital abnormalities. Placenta Avas normal. After 
delivery, blood pressure A\'as 170/110; albumin, negative; fundi unchanged. 
When seen G AA’eeks later blood pressure aaus 160/96; albumin, negative. 

Diagnosis. Toxemia, superimposed upon underlying hypertension. 

Experime7ikil Observations. No pressor effect. 

Case 7.— Mrs. C. C., aged 22, primipara, due April 10, 1933. Patient 
sent in Februar}’’ 25, 1933 because of edema of ankles, headaches, of 1 AA'eek’s 
duration. On entry blood pressure A\’as 160/98; albumin, trace; marked 
edema of legs. On February 28, 1933, blood taken for pressor-antidiuretic 
test. Blood pres.sure was 164/94 at that time. Albumin and hypertension 
continued 1 AA'eek, then gradually decreased. On Alarch 7 patient dis- 
charged Avith normal blood pressure and no albumin. Seen again March 31. 
Blood pressure Avas 150/100 and a large trace of albumin Avas present. On 
April 2 patient entered in active labor, delivered normally of a baby, 

6 pounds, 6 ounces. Blood pre.ssure and albumin decreased to normal after 
delivery. 

Diagnn.w. Preeclamptic toxemia. 

E.rpc7'i777C7ital 'Obsei'i'aiions. No antidiuretic response. No pressor effect. 

Case 8.— Mrs. A. C., aged 36, old primipara, entered the hospital on 
May 17, 1933, 2 Aveeks from term, AA’ith a histor}'^ of a convulsion 2| hours 
before admission, vomiting, incoordinated movements and coma. Appar- 
ently perfectly Avell until 9 a.m. of day of admission Avhen she complained 
of nausea, vomiting and epigastric pain. At 5 p.m. patient had a convulsion 
and Avas brought into the hospital. 

On entr}% patient Avas found to be an obese Italian Avoman, semicomatose, 
vomiting dark yelloAvish material. Incoordinated moA’craents continued, 
l-ldema of ankles present. Blood luessure 124/80. Eye grounds shoAvcd 
fair sized nerve fiber layer hemorrhage below left disk, retinal veins dis- 
tended and moderate retinal sclerosis. Urine shoAved large trace of albumin, 
and Avas loaded AA'ith red and Avhite blood cells and casts. N. P. N., 35. 
Blood pressure A'aried betAveen 130-180/90-100 for fir.st 2 to 3 day.s after 
admission. Membranes then rujitured and an edematous stillborn Avas 
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delivered. Patient constantly improved after delivery and on postpartum 
visit had a normal blood pressure. No albumin present. Blood was taken 
on night of admission. 

Diagnosis.- Eclampsia. 

Experimental Observations. ' No antidiuretic response. 

Patients With Antecedent Hypertension, Vascular Changes, Chronic Nephritis. 

Case 9.— Mrs. G. N., aged 43, Para III, sent in at term' because of 
hypertension. 

Past history negative. Patient felt entirely well during tins pregnancy. 
Had edema of both ankles for 4 months, swelling of hands for 2 or 3 months, 
face for 1 month. Patient did not go to a doctor until just before entry 
when blood pressure was found elevated and she was sent into the hospital. 

On entry, legs were markedly edematous, also sacrum. Fingers and face 
moderately swollen. Two and a half days (ifter entry 100 cc. of blood 
taken. Blood pressure, 200/126. Urine showed a large trace of albumin 
with many hyalin and fine granular casts. Patient went into labor soon 
after and had a normal delivery of a healthy bab 3 ^ Since delivery patient 
has continued mth her hypertension but has had no albumin and has had 
signs and symptoms of mild heart failure. 

Diagnosis. Vascular hj'^pertension. 

Experimental Observations. No antidiuretic response. No pressor effect. 

Case 10.— Mrs. G. M., aged 32, Para V, due March 26. Entered hos- 
pital March 8, sent in because of hypertension. Blood pressure, 195/115 
and urine showed trace of albumin. 

On entry, patient had fluid at both bases. With rest in bed patient lost 
weight but blood pressure remained at 170/120 and she continued to show 
a trace of albumin. Three days after entry, patient delivered a stillborn 
baby. N. P, N., 40. Blood for analysis taken on day after admission, 
on which day blood pressure had been 180/120. After delivery, patient 
had 2 attacks of nocturnal dyspnea and was transferred to another hospital 
for treatment. _ Blood pressure continued elevated 150/100 during remainder 
of hospitalization. 

Diagnosis. Vascular hj’-pertension plus cardiac decompensation (possible 
superimposed toxemia) . 

Experimental Observations. No antidiuretic response. No pressor effect. 

C.ASE 11.— Mrs. 0. D., aged 33, Para VII, due May 29. Patient .sent in 
March 22, 1933, because of hypertension on her first visit. Obstetric his- 
tory negative until 1927 when she had high blood pressure at end of fourth 
pregnancy. In 1929 had elevated blood pressure with fifth pregnancy but 
no albumin. In 1932 patient had a macerated fetus. Blood pressure 
readings not obtained after deliveries. She had felt perfectly well this 
pregnancy. Blood pressure, 230/130. Albumin, none. Patient had no 
edema. Uterus was the size of a 5 months’ pregnancy. Eyegrounds shouted 
slight to moderate sclerosis of retinal arteries. On March 27 patient went 
into labor and delivered a 6J months’ macerated fetus. After delivery 
blood pressure remained at 200/90-130. Urine negative for albumin! 
Patient has not been seen since discharge. 

Diagnosis. Vascular h5’^pertension. 

Experimental Observations. No antidiuretic response. No pressor effect. 

Non-pregnant Hypertensives. 

..Case 12.— Mrs. A. C., aged 43, Para V, entered the ho.spital on July 30 
1932, when 2 months pregnant with a blood pressure of 240/136 Urine 
showed no albumin. Patient had an elevated blood pressure since her 
second pregnancy 10 years ago. Patient complained of headaclie and spots 
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before the eyes of 1 month’s duration, also of increased drowsiness and irri- 
tability for 4 to 6 weeks. Physical examination uegati^■e exeejrt for sclerosis 
of retinal arteries. I’erj' slight trace of albumin. X. P. X., 48. On August S 
a hysterectomy was performed. Following operation blood pressure was 
180-210/120-140. In the postpartum clinic blood pressure was 20S/140, 
230/150. On hlarch 13, 1933, 6 months after operation, patient had a 
urea clearance test, at wliich time blood was taken to test for pressor anti- 
diuretic effect. Blood pressure at this time, 230/150. Urea clearance test 
was normal (10S9o). 

Diagnosis. X'on-pregnant hypertensive. 

Experimental Observations. Xo antidiuretic response. Xo pressor effect. 

Case 13.— hlr. S. K., aged 57, entered the hospital /March 8, 1933, 
because of pains in the legs for 2 months. He had had hj-pertension for 
several years. His heart was enlarged to the left. Blood pressure was 
245/130. Urine, negative. Blood taken for ijressor-antidiuretic test on 
March 10, 1933. 

Diagnosis. Hj^rertensiou, chronic myocarditis, arteriosclerosis. 

Experimental Observations. X’o pressor effect. Xo antidiuretic response. 

Case 14.— /Mr. H. L., aged 56. janitor, entered the hospital because of 
nocturia, headache, blurring of ^•ision. of 15 years’ duration. Patient had 
marked thickening of peripheral arteries. Blood pressure, 230/130. Eye- 
grounds showed both nerves markedly blurred in outline. Several hemor- 
rhages and considerable exnidate in both retin.'c. Heart enlarged trans- 
versely. Blood pressure over 220 during hospital admission. 

Diagnosis. H}-pertension, arteriosclerosis, chronic myocarditis. 

E.Tperimcntal Observations. X'o pressor effect. 



Results. Blood was obtained from 1 eclamptic, 7 preeclamptics, 
3 pregnant women with b.^’pertension and clironic nephritis, and 
3 non-pregnant patients with hypertension. 

Antidinresis. Figure 1 gives the diuresis curves in tlie rabbit 
(No. 173) after receiving 90 cc. of water by stomach tube in each 
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instance and 10 cc. subcutaneously of saline, pitressin in saline, 
ultrafiltrate of normal acidified plasma plus pitressin, or ultrafiltrate 
from blood of patient Avitb toxemia. None of tbe ultiafiltrates 
caused any inhibition of diuresis while 0.001 cc. of pitressin was 
adequate to cause a definite and lasting antidiuresis. Similar results 
were obtained with the other filtrates. Nor could a consistent 
change in the sodium chlorid concentration be demonstrated. 

Table 1. — Diuresis Curves on One Rabbit, No. 17.1 (Cc. of Urine). 


Onto. 

Control, 

\ hr. 

1 hr. 

' 1 hr. 

31 hrs. 

2 hrs. 

25 lirs. 

3 hrs. 

Injected 10 cc. of 

12/6/32 

. 0.0 

7.7 

6.2 

14.8 

10.8 

10.8 

12,0 

Saline. 

12/8 . 

. 2 3 

5.0 

13.5 

14.9 

IS.O 

10.8 

11.0 

.Saline. 

12/10 , 

. 2.0 

12.0 

20.6 

22.5 

18.2 

11.7 

12.0 

Saline. 

12/12 . 

. 2.0 

2.7 

2.8 

2.0 

1.0 

0.8 

1.0 

0.01 Pitressin. 

12/14 . 

. 2.4 

6.0 

16.3 

21.2 

18.6 

18.8 

19.2 

Saline. 

12/10 . 

. 1.8 

1,8 

0.9 

1.0 

1.3 

1.9 

2.0 

0.001 Pitressin. 

12/24 . 

. 3 0 

1.8 

13.5 

20.2 

22.0 

9.1 


Saline. 

1/ 3/33 

. 1.0 

3.0 

7.8 

13.9 

12.8 

17.0 

13.2 

Saline. 

1/23 . 

. 2.0 

6.0 

13.0 

20.0 

11.8 

13.4 


Saline. 

2/ 4 . 

. 2.5 

2.7 

' 4.8 

9.5 

14.0 

17.6 

17.4 

Case 8. 

2/14 . 

. 2 6 

1.7 

l.S 

4.4 

2.2 

1.0 

1.6 

0.01 Pitressin. 

2/15 . 

2,0 

2.0 

6.3 

13.3 

32.2 

30.4 

24.2 

Saline. 

3/1 . 

. 3.0 

8.5 

20.8 

25.8 

25.4 

27.5 

10.0 

Case 7. 

3/3 . 

: 1.0 

1.0 

10.0 

25.0 

.30.0 

23.5 

11.5 

Saline. 

3/7 . 

. 1.8 

11.2 

20.5 

25.0 

28.2 

19.0 

8.5 

Case 3. 

3/11 , 

. 2.5 

2.5 

12.4 

22.0 

17.5 

22.4 

13.0 

Case 2. 

3/16 . 

. 2.1 


30.0 

28.2 

30.7 

16.5 

8.0 

Case 9. 

3/21 . 

, 1.5 

US 

12.2 

22.7 

18.7 

9.2 


Case 11 

4/23 . 

2.2 

1,0 

14.4 

25.0 

20.5 

18.5 

, , , , 

Case 10 

4/25 . 

. 3.0 

0,0 

30.0 

26,0 

32.0 

28.0 

23.5 

Saline. 

5/18 . 

. 2.0 

10.5 

27.0 

34.0 

32.0 

9.0 

3.5 

Case 12 

6/28 . 

. 1.5 

17,5 

21.7 

29.0 

26.3 

24.5 

13.8 

Case 4. 

7/0 . 

. 2.4 

0.0 

5.2 

14.6 

22.4 

15.0 

12.0 

Case 1. 


Pressor Effect. No pressor response was observed after the injec- 
tion of any of the ultrafiltrates, while small doses of pitressin 
(0.01 cc.) intravenously caused a slight rise in blood pressure and 
then a fall followed by a return to normal. Larger doses of pitressin 
(0.02 cc.) caused a more marked fall after the slight rise. Even 
after prolonged observation of the blood pressure there was no rise 
at all after the injection of the ultrafiltrates either subcutaneously 
or intravenously. 

Conclusions. Neither blood pressure raising nor antidiuretic sub- 
stances were found in the blood of 14 patients classified as non- 
pregnant hypertensive (chronic nephritic) toxemia, preeclamptic 
toxemia, and eclampsia. 

Note.— Since this paper was written an article has appeared by Byrom and Wilson 
(Quart. J. Med., 3, 361, 1934) also failing to find antidiurctic substances in the 
blood of patients with preeclamptic toxemia and eclampsia. 
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THE HISTOPATHOLOGY OF THE HEMOPOIETIC TISSUES IN 

HEMOPHILIA. 

An Unexplored Field.* 

Bv R. P. CU.STER, M.D., 

CHIEF, HiriSIO^' OF FATHOLOGV, rHIHADELPHIA GEXERAL HOSPITAL; ASSOCIATE IN 
PATHOLOGY, UNIVERSITY OF PENNSYLVANIA, 


E. B. Krujiriiaar, M.I)., Pu.D., 

PROFESSOn OF PATHOLOGV, UNIVERSITY OF PENNSYLVAXIA, PHILADELPHIA, PA. 

(From the Dmsion of Pntholofcy of tlio Philadelphi.T Gcncr.Tl Hospit.aI Laboratories 
and the Department of Pathologj' of the University of Pennsylvania.) 

Xecrop.sies on cases of hemophilia have been strangely infre- 
quent in recent times, and of tliose in the literature concern has 
been chiefly with the hemorrhage found, tlie secondary degenerations 
and necroses and the condition of the vessel walls, rather than with 
the state of the hemopoietic tissues, an omission which seems par- 
ticularly odd in A-iew of the usual belief that the blood platelets are 
at fault in this disease. Since Xeuinann first connected the bone 
marrow with hemopoiesis (1868), we have not been able to find 
a single published necropsy on a case of hemophilia that has included 
a study of the hemopoietic tissues. The unusual circumstance, then, 
of having 3 cases of hemophilia come to necropsy within a short 
period, has led us to study the postmortem ])icture in the hope that 
further light might be thrown on the nature of the disease and in the 
belief that, in any case, published studies by modern methods would 
be of service. The 3 cases were the more valuable for the jnirpose 
in that, as seen beioAV, one died as the direct result of hemorrhage, 
another of a combination of infection and hemorrhage and the third 
of infection without any relation to hemorrhage, thus constituting 
three variants of a natural experiment, the subjects being of approx- 
imately the same age. 

Of particular interest was the bone marrow cytology, which is 
therefore presented in detail, especially that of the megakaryocytes, 
which are generally regarded as the originators of the blood plate- 
lets and directly concerned with blood coagulation, the major dis- 
turbance in hemophilia. 

Abstracts of the clinical and postmortem findings follow: 

Case Abstracts, Case 1.— An Italian boy (F. P.) , aged 11, was admitted 
to the Philadelpliia General Hospital February 5, 1935 (ser\dce of Dr. 
Eliason; attending, Dr. Ferguson), having fallen on Januaiy 30, 1935. He 
complained of pain in hack on Februaty 2, limped with the right leg and 

* This is regarded as No. V in the series of “ Studies on the Structure and Function 
of Bone Marrow," this genera! title being subordinated that the main subject might 
not bo overlooked. 
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ultimately way coiifiiied to bed with intense abdominal pain in lowei light 
quadrant. He vomited twice on February 3. Pn.st Ihdorrj: I'lrst hemo- 
philic tendency appeared at 7 months, with prolonged hemorrhage foUovnng 
incision of gums to aid teething. Minor lacerations bled tor days, requiring 
hospitalization on many occasions. He had had several rheumatic 
attacks” and, on previous admission, murmurs were heard over mitral 
and tricuspid areas. Family History: Possibly the first generation of 
hemophilia (little information available concerning relatives m Italy); a 
brother, aged 7, shows bleeding time of 2 minutes and coagulation time of 
24 minutes; a nephew, age 20 months, shows bleeding time of 2 minutes and 
coagulation time of 15 minutes, each having shown hemophilic signs and 
symptoms since infancy. A control test on a healthy person gave a bleeding 
time 1 minute and coagulation time 4 mhiutes. Physical Examination: 
Acutely ill child in severe pain, with right thigh flexed on abdomen; head and 
neck normal except for coi^za and tonsillar hyjiertrophy ; lungs present vague 
impairment at right apex, friction rub at right base, fine basal and inter- 
scapular rales; heart normal except for tachycardia; right lower quadrant 
of abdomen extremely tender and rigid with a palpable mass (hemorrhagic? 
inflammatoiy?) ; marked rectal tenderness; extremities normal excejit for 
abnormal flexion of right leg (enlarged knee joints on previous admission). 
Laboratory Tests: Urine shows trace of albumin and occasional leukocytes; 
erythrocytes 4,120,000 to 4,130,000; leukocytes 17,150 to 20,800; neutro- 
phils 72% (myelocytes, 0; juv., 0; stab, 40; segmented, 32), lymphocytes 
26%, monocytes 2%; coagulation time, 35 minutes; bleeding time,’3 min- 
utes; electrocardiogram, normal; tuberculin test doubtfully positive. 
Course: Februarj'- 5, 1935, exploratory laparotomy showed extensive 
retroperitoneal hemorrhage; no intraperitoneal lesion found (Hovie knife 
used and no operative hemorrhage incurred). Februarj^ 0, abdomen tense 
and tender; rising temperature, pulse and respiration; February 7, death. 
Final diagnosis: Hemophilia with massive extra]reritoneal hemorrhage. 

Necropsy (P. G. H., 2S846, 7 hours after deatli, Dr. R. W. Mathews). 
Well -developed male, height 132 cm., weight 24.5 kg., with recent surgical 
incision in right lower abdominal quadrant; no external evidence of hemor- 
rhage. On opening abdomen an extraperitoneal hematoma is encountered 
of 2 to 4 cm. thickness, covering entire right lower quadrant, the medial 
half of left lower quadrant and laterally over entire right flank, extending 
from diaphragm over right psoas along the intermuscular fascial iflanes 
well into right thigh. There is intrap.soas hemorrlmge with muscular 
necrosis. Aorta is smooth, elastic and of normal caliber. . Heart weighs 
140 gm. (left ventricle, 1.3 cm.; right ventricle, .4 cm.; aortic valve, 4.5 cm.; 
mitral, S cm.; tricuspid, 9 cm.; pulmonary, 5.5 cm\), being slightly enlarged; 
pericardium at apex thick, gray and shaggy; myocardium firm and pale 
red-gray; auricular endocardium slightly thickened; aortic leaflets uniformly 
thickened but functionally competent; free edges of mitral leaflets thickened 
and rolled and chordai tendineai shortened and thickened, papillary muscles 
being hypertrophied and shortened; coronary vessels apparently normal. 
Lungs present glistening pink-gray pleurie, left weighing 140 gm., right 
, ISO; parenchyma soft, tough and inelastic; crepitant throughout; tracheo- 
bronchial tree congested and contains blood-tinged mucoid exudate. 
Spleen weighs 80 gm. and measures 9 by G.5 by 3 cm., capsule being smooth 
gray and glistening; parenchyma gray-red, firm and resilient, follicles 
visible as gray dots. Lymph nodes appear normal. Kidneys show variation 
in .size, left weighing 60 gm. and measuring 7 by 4 by 2 cm.; right 100 gm. 
11.5 by 4 by 3 cm.; each being of normal shape; capsules thin, strip with ease 
leaving smooth, pale browir surfaces; cut edge slightly rolled and blood 
oozes from cut surface; general architecture normal. Lower urinary tract 
ana genitalia show no lesions. Gastro-intcstinul tract including appendix 
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appears (jiiito Jiormal. Liver weighs 800 gin. and ineasnre.s lO liy 8.5 lij" 5 
cm., pre.senting a thin capsule and fairly firm red-brown parenchyma that 
retains normal lobular architecture; blood oozes from cut surface; gall 
bladder and bile ducts appear normal. Pancreas firm, gray-pink and appar- 
entl}’^ normal. Adrenals show j'ellow cortices and dark bromi medulla). 
Skeleton appears normal, bone marrow being dark red (vertebra, sternum, 
rib and femur). Histology. Heart shows slight subepicardial fibrosis with 
minor lymphocytic infiltration; myocardium slightly degenerated; mitral 
valve thickened and distorted, changes being characteristic of rheumatic 
residuum; coronarjf arteries normal save for slight intimal proliferation 
and rhexis of elastica in one of main branches. Lungs present moderate 
emphysema accompanied by thickening of many septa as result of endothe- 
lial proliferation and leukocytic infiltration (rheumatoid interstitial pneu- 
monitis). Spleen retains normal architecture, Malpighian bodies being 
slightly smaller than usual, many containing no so-called germinal centers; 
an intrafollicular hyalin material, appearing sometimes as conglutinated 
erj^throcjdes, sometimes as collagenous transformation of the reticulum, 
noted; there is increase in cells of the reticulo-endothelial system, the sinus 
endothelium being hypertrophic; occasional megakar}mcytes, u.sually 
nith pyknotic nuclei, lie in sinuses; moderate arteriolar thickening and 
hj'^alinization present. Lymph nodes exhibit reticulo-endothelial hyper- 
plasia, architecture being preserved,- Kidneys show no lesions other than 
cloudy swelling of the convoluted tubular epithelium; an entrapped mega- 
karyoesde is noted in a glomerular tuft. Liver architecture normal, the 
epithelium being swollen and granular; occasional hypertrophic Kupffer 
cells are seen; portal triads appear normal. Pancreas the seat of slight 
interlobular fat infiltration but otherwise quite normal. Appendix moder- 
ately fibrosed but show's no definite lesion. Adrenals present partial loss 
of cortical lipoid material; eosinophilic bodies at corticomedullary junction 
particularly prominent. Bone 7nairotv: Sternum is about 90% cellular, 
about half the cells belonging to the erythropoietic series, with occasional 
megaloblastic foci; red blood cell formation is of the normoblastic type and 
most of the cells are observed in this late stage of differentiation. Granulo- 
poiesis is also of normal type with complete intramedullary maturation 
of neutrophils; eosinophils are somcAvhat more abundant than usual. 
Megakar 3 mcytes are particularlj' prominent, usually with abundant cyto- 
plasm and more or less pylcnotic nucleus; the cytoplasm of the more degen- 
erate forms often contains one or more neutrophils and monocytes; mega- 
Larj'oblasts are encountered frequently, either as hypertrophied mono- 
nucleated cells or in a state of beginning nuclear segmentation. In 4 
instances megakaryocytes situated in immediate juxtaposition to blood 
sinuses are observed to present the .so-called “ Wright’s figures," i. c., cyto- 
plasmic pseudopods exteriding through the sinus w'all into the lumen 
(Plate I, A and B). Cells of the general reticulum are rather more promi- 
nent than usual and ma}' be seen differentiating toward megakaryoblasts 
or m 3 ’-eloblasts, the latter particidarl 3 '' in the periphery of bone trabeculte 
and sinus margins. 

The vertebral marrow contains slightly more fat than the sternal, being 
about 80% cellular, and show's somew'hat less erythropoiesis than in the ster- 
num, a rather unusual circumstance; the mcidence of megakaryocytes, 
however, is approximately the same. Rib marrow resembles the vertebra 
ver 3 ' closely. 

Case 2.— An Italian boy (C. C.), aged 13, was admitted to the Philadelphia 
General Hospital (service of Dr. Warmuth; attending. Dr. Wright) on 
December 26, 1934 with diagnosis of acute appendicitis. His illness began 
December 23, 1934 with severe upper abdominal pain follow'ed by nausea, 
vomiting and pain shifting to right low'er quadrant.' Past History: Patient 
has “bruised easily” all his life and small cuts have often bled for a w'eek; 
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extensive liemorrlmge followed tooth extraction at 10; after violent exercise 
ioints would swell and become painful, the knees being most frequently 
involved. Family History: Probably first generation of hemophilia 
(careful inquiry into maternal family history being quite negative) ; patient s 
mother and her sister have each borne hemophiliacs, the former o, tlie 
latter 2; bleeding time of brother minutes, coagulation tim^ Oj minutes 
(control for method, 1 and 4 minutes respectively) . P hysical Exammahon: 
Well-developed adolescent showing normal head, neck, lungs and heart; 
abdomen extremely tender in right lower quadrant with suggestion of mass 
above anterior superior spine; peristalsis absent in this region but active 
elsewhere; rectal tenderness on right; both knee joints enlarged but not 
tender. Laboratory Tests: Urine shows trace of albumin, a few leukocytes 
and many granular casts; leukocytes 18,650 (neutrophils 8S%, lymphocytes 
6%, monocytes 5%, basophils 1%); plaetlets 260,000; coagulation time, 
11| to 14 minutes; bleeding time 1-1 to 8 minutes (control as above); blood 
Type IV. Course: December 25, 1934, removal of ruptured gangrenous 
appendix and drainage of periappendiceal abscess; marked oozing of blood, 
especially from omentum ; December 26,- 1934, oozing continued ; no response 
to theelin, thymus extract, thromboplastin or transfusion. December 27, 
1934, bleeding continuously from drain ; progynan had no effect. December 
28, 1934, t3rmpanites and vomiting; bleeding definitely lessened by throm- 
boplastin injected into drainage tract. December 29, 1934, profuse vomiting 
followed by death. 

Necropsy : (P.G.H., 28656, 5 hours after death, Dr. R. W. Mathews). 
Well-developed male, height 158 cm., weight 46.3 kg. with recent oblique 
surgical scar in right lower abdominal quadrant. Peritoneum covered by 
thin layer of soft, clotted blood; omentum drawn over intestines in right 
lower quadrant. Ail organs gre ;pallid and on section ooze very little blood. 
Aorta of normal caliber and elasticity. Heart weighs 220 gm. (aortic valve, 
5.5 cm.] mitral, 7.5 cm.; tricuspid, 10 cm.; pulmonary, 6 cm.); no anatomic 
lesions except for pallor of myocardium. Lungs are soft and crepitant, 
left weighing 280 right 290 gm., blood-tinged frothy fluid being ex- 
pressed from the cut surface. Spleen weighs 130 gm. and measures 12 by 7 
by 3.5 cm. with thin capsule, soft, gray-red parenchyma in which follicles 
are visible. 'Kidneys weigh 150 gm. each, left measuring 11 .5 by 4 by 3 cm. ; 
right, 12 by 3 by 4 cm.; the thin capsules strip readily leaving smooth 
surfaces; cut edges slightly rounded and corticomeduUary ratios normal. 
Lower urinary tract and genitalia are essentially normal. Gasiro-intestinal 
tract is normal, except for terminal ileum and cecum which form the center 
of an inflammatory mass in right lower quadrant. This is well walled off 
from the general peritoneal cavity by tbe omentum and contains a small 
hematoma. The appendiceal and mesoappendiceal stumps are obviously 
the source of hemorrhage. Liver weighs 1340 gm. and presents a pale 
brown, soft parenchyma; gall bladder, pancreas and adrenals appear normal. 
Skeleton is apparently normal; bone marrow is pale pink. 

Histology. H earl presents marked degenerative changes in the congested 
myocardium. Lungs are congested and edematous and the seat of bacterial 
colonization within septa, both coccal and bacillary. Spleen presents small 
fo! icles Avithout germinal centers and hyperplasia of reticular and endothe- 
lial elements, fixed and wandering, in tlie pulp. A single megakaryocyte 
is noted m a sinus. Lymph nodes retain normal architecture, distorted 
throu^i hyperplasia of cells of^ reticulo-endothelial system, the sinuses 
being nlled Avith macrophages. Kidneys are normal save for cloudy swelling 
01 convoluted tubules and venous engorgement. Uver epithelium is swollen 
and granular; Kupffer cdls are prominent and seen occasionally in various 
staps of detachment. Cecum pre.sents a thickened wall extensively infil- 

e.\udate. Adrenal cortex has lost considerable lipoid, medullary cells being 
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degenerated and central vein recentlj'^ thrombosed. Boitc marrow: Ster- 
num is approximate^ 70% cellular, the granulocyte series being slightly 
in excess of the erythrocyte progenitors; maturing forms of each group are 
structurally normal. Megakarjmcytes are noted mostly in a degenerated 
state as judged by marked nuclear pyknosis, karyolysis, cytoplasmic 
vacuolization and fraying of cell margins; cells of this series are consider- 
ably in excess of the control group (Table 2) . Vertebral marrow is somewhat 
more cellular and shows a predominance of cells of the granulocyte series. 
Megakaryocytes are more numerous than in sternal marrow and normal 
forms are seen as frequently as degenerated cells. 

Case 3.— A Jennsh boy (M. U,), aged 13, was admitted to the Hospital of 
the University of Pennsjdvania (service of Dr. Gittings) December 11, 1934. 
His illness began suddenly the day before with sore throat, headache, fever 
and productive cough; "prune juice ’’sputum, highfever and delirium on day 
of admission. Past Hisiorij: No undue hemorrhage after circumcision, fimt 
sign of hemophilia being sublingual bleeding for 4 weeks without ap])arent 

PLATE I. 

(Alt sections from Case 1.) 

A. Done marrow (sternum)— young megakarj’ocyte on sinus margin with two 
Wright's figures (WF) projecting into sinusoid; adjacent cells are erjAhroblasts and 
normoblasts (X SOS). In the sinus, whose lumen extends beyond the margin of the 
figure, the lower platelet projection is the longer and paler of the two. It is limited 
below by a darker staining, oblong erythrocyte. B. Bone marrow (vertebra) — 
another megakarj'ocyte on sinus margin showing a short, blunt Wright’s figure 
(WF); degenerated megakaryocyte in lower left (X o9S). C. Bone marrow (verte- 
bral-showing mcgakaryoblast, developing megakaryocjde and degenerate mega- 
karyocyte, adjacent cells being chiefly erythroblasts (X 698). D. Bone marrow 
(rib)— essentially the same picture .as C (X 598). E. Heart — coronary arterial 
wall above presents proliferative intimal thickening; myocardial fibers show slight 
degenerative changes (X 103). F. Lung— emphj’sema and interstitial pneumonitis 
(rheumatoid) ( X 92). G. Spleen — margin of follicle showing several thickened and 
hyalinized arterioles; megakarj'ocyte seen in lower right (X 69). H. Ljunph node 
with prominence of reticular and wandering cells (X 322). I. Kidney — glomeruli 
are nonnal and convoluted tubular epithelium shows cloudy swelling (X 92). J. 
Liver — cloudy swelling of epithelium; normal portal triad in upper right (X 103). 
K. Pancreas — normal artery with normal island to left; paronchjTua shows no lesions 
( X 92). L. Adrenal — zona fasciculata in lower half, cells being poor in lipoid; zona 
reticularis crosses center and medulla lies above; wall of central vein in upper left 
(X 103). 

PLATE II. 

A. Bono and marrow (sternum— Case 3)— low power of cross section showing 
normal trabeculation and partially fatty marrow. B. Bono marrow (sternum — 
Case 3)— showing megakarj'ocyte adjacent to dense focus of erythropoiesis (X 598). 
C. Bone marrow (femur — Case 3) — showing predominance of granulopoiesis; degen- 
erated megakaryocyte lies in midleft (X 598). JD. Bone marrow' (sternum — 
Case 2) — several degenerated megakarj'ocj'tes; about equal numbers of erythro- 
poietic and granulopoietic cells compose the background (X 598). E. Bone marrow 
(vertebra — Case 2) — three megakaryocj'tes; other cells are predominantly erythro- 
blasts (X 598). 

KEY FOR ILLUSTRATIONS. 

ERBL— erj'throblast; ERC— erythrocyte; FC— fat cell: L— lymphocj'te; MBL — ’ 
myeloblast; MGBL— megaloblast; MKBL — mogakarj'o blast; MIvC — megakaryo- 
cj'te (normal); MKC-D — megakarj'ocyte (degenerated); MLC — mj'clocj'te; MMLC 
— metamyelocyte; NBL — normoblast; PMLC — promyelocyte; R — reticulum coll; 
IVF— Wright’s figure. 

Letters are placed when possible immediately below' the cell indicated; a small 
addendod “s" indicates a group of cells of the same typo. All bone marrow sections 
stained bj' modification of Maximow’s azure ll-cosin; other viscera st.ained with 
homatoxj'lin-cosin; paiaffin sections; photomicrogra))hs, bj' Gosner and Shejijiard. 
Phiia. Gen. Hosp., with Loitz apochromatic optical system; Wratten and tVainwright 
M plates. 
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cause at 10 months; minor bruises resulted in large hematomata and several 
minor cuts and a tooth extraction caused oozing for 0 weeks. Subject to 
frequent respiratory infections. Family History: Maternal grandfather, 
who died at 79 of other causes, had a number of prolonged bleeding episodes; 
oldest sons of two of his daughters were also bleeders, though in each case 
a daughter and another son were nonnal in this respect; the patient, an 
only child of the third daughter, rvas definitely hemophilic. Physical 
Examinalion: Undernourished child, moderately cyanotic and very 
toxic; lungs showed signs of consolidation over right upper and both lower 
lobes rvith few rales and suppressed breath sounds; heart sounds poor; no 
other findings of note. Laboratory Tests (obtained from admission to Mt. 
Sinai Hospital in 1931). Urine negative; Hglr. 75 to 50%; erythrocytes 
3,680,000 to 2,630,000; leukocytes 11,700 (neutrophils 78%) to 10,900 
(3700 during final illness). Blood calcium 11.7 mg.%; blood phos]ihorus 
3 mg.%; bleeding time, 65 minutes; coagulation time, 9 minutes, 35 seconds 
(no normal control done); platelets 260,000; blood Tj''pc III. Course: 
Pulse gradually weaker and death occurred 2 daj'’s after first symptom. 

Nea-ovsy: (U. H., ’34-1316, 1 hour after death. Dr. D. R. Coman). 
Asthenic young male, height 144 cm., weight 32 kg., presenting pallor of 
s kin and mucosEe; each pleural sac contains 100 cc. of serosanguinous fluid. 
Aorta is smooth, white, elastic and shows no abnormality of calibre or thick- 
ness. Heart appears normal except for dilatation of right chambers, weight 
being 160 gm. and left venti'icular wall 1 cm. thick. Lungs present large irreg- 
ular red patches over lower lobes, left weighing 310 gm., right 440 gm., cut 
surface showing solid, airless, hemorrhagic patches throughout left lower lobe 
and entire right lung, intervening parenchyma being gray and moist; pus 
exudes from small bronchial radicles. Syleen weighs 90 gm. nith dark red, 
bloody pulp dotted bj' gray, pinpoint follicles. Kidneys: each weighs 100 gm. 
and shows no significant changes; lower urinary tract and genitalia are 
apparently normal. Gaslro-inlcsiinal tract appears normal throughout; 
mesentery contains a few bean-sized, firm, gray lymph nodes. Liver, weighs 
1020 gm., is red-broivn, firm and displays normal markings, blood oozing 
in moderate amount from cut surface; gall bladder and bile ducts show no 
gross lesions. Pancreas, adrenals, thyroid, thynins and pituitary appear 
normal; middle and internal ears and brain show no lesions. Bone marrows 
of femur, sternum and vertebra are soft and red, that from the tibia soft 
and yellow. 


Histology. Heart shows degenerative changes of rather marked degree 
in the congested myocardium. Lungs are congested and edematous, sec- 
tions of right upper and lower lobe presenting typical picture of extensive 
bronchopneumonia with early abscess formation and conspicuous masses 
of cocci; left upper lobe is the seat of early consolidation; a few naked nuclei 
of megakaryocytes lie in capillaries; pleura is covered in part by fibrino- 
purulent exudate. Spleen shows a comparatively cell-poor, blood-filled 
pulp dotted by relatively small foUicles with ill-defined centers; vascular 
walls are slightly thickened and occasionally hyalinized. Lymph nodes of 
the mesenteric group retain essentially normal architecture, distorted 
through hyperplasia of reticulo-endothelial and lymphatic cell elements. 
Kidneys display glomeruli engorged with blood and tubular epithelium 
that is moderately degenerated. Liver epithelium is swollen and granular 
nuclei being somewhat faded; Kupffer cells are not prominent; portal 
triads appear normal. Pancreas shows mild degenerative changes in alveolar 
epithelium. Adrenal cortical cells contain the usual amount' of lipoid but 
show loss of cell outline accompanied by occasional nuclear jryknosis No 
^ructural alniormahty is demonstrable in the pituitary. Bone marrow: 
the sternum contains about 25% fat, cellular marrow being loose- eneoro-e- 
ment of lilood sinuses is particularly ]iromincnt. Cells of the erythropoietic 
series are in the foreground, seen mostly in the late erythroblastic and nor- 
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moblastic stages (Table 1). The neutrophil group is also active, myelocytes 
being the predominant type. Alegakaryoc^des are approximately twice 
normal in number, the usual degenerative-regenerative balance being 
maintained; nuclear morphologj' is about as diverse as that noted in the 
other cases. The vertebral marrow is somewhat more cellular, but the 
relative proportion of cells is appro.ximately the same, megakan-ocjdes 
being perhaps somewhat more plentiful with fewer degenerate forms. The 
femur is conspicuous in the acthity of the neutrophil progenitors, particu- 
larlj" the younger forms (inj’eloblasts and promyelocytes), as though the 
p^e^iousl 3 '■ hji^oplastic marrow has undergone hj’perplasia in the direction 
of the immediate necessity of combating infection; megakarj’-0C3i;es are 
also seen in predominantly blastic and normal forms (Table 2) ; the marrow 
is approximate^ 30% cellvdar. The tibia presents almost complete acellu- 
larity in the midportiou of the diaphj'sis. Bloodvessel walls are normal; 


T.\ni.E 1 . -'Differential JtL\RRow Counts (Per Cent). 
(Azure II-Eosin.) (500 cells each.) 



Case I. 

Case 2. 


Case 3. 


Xormal 

control. 


J^ternuni. 

Sternum. 

Sternum. 

j Femur. 

Sternum. 

I'lulilTcroiituitcd (oils . 
Grauuloryte series.* 

3 0 


0 0 

0.0 


i 3.6 

i 


0.0 

Myeloblasts 

3.2 


.'i 4 

2 9 


1 12.6 


0.6 

Promycloeytcs Uieutropliil) . 

.5.4 


O.S 

S.2 


20.0 


0.0 

(eosinoptiil) . 

0 2 


0.4 

0 o 


( 0.4 


0.0 

Myeloeytes (neutrophil) 

7.4 


22. S 

13.2 


- 0.2 


34.6 

(eosinophil . 

l.S 


4.6 

1.4 


1.0 


2.0 

Metamycloeytcs (nentrophil) 

13. S 


6 0 

4.S 


4.6 


14.6 

(eosinophil) 

0 4 


0.8 

0.4 


0.2 


0.0 

Scgincntcrs (neutrophil) 

6.S 


1.6 

2.0 


O.S 


1 S.O 

(eosinopliil) . 

0 0 


0 4 

0.0 


0.0 



40.6 

51 .8 


32.4 


4S.S 

63. S 

Erythrocyte series; 









Mcftnloblasts . 

3.S 


0.2 

0.4 


O.S 


0.0 

Erythroblasts (earlj") 

S 2 


6.4 

7.0 


6.S 



(intcniicJiatc) 

S.6 


1.5.2 

10. S 


S.O 


14. S 

(late) . 

8.4 


11 6 

14.4 


0.0 

i 


Normoblasts ..... 

22.0 


7.4 

30.0 


14. S 

i 

1S.2 



51.0 

40. S 


62.6 


30.4 

33.0 

Throiubocj-te series; 









Mcgakaryoblasts . 

0.2 


0.4 

0.4 


0.2 



Mcgak.aryoej-tes (nonnni) 

0.6 


0.2 

0.4 


1.6 


/ 

(degen.) 

O.S 


1.6 

0.6 


0.4 


O.S 



1.6 



1.4 

— 

2.4 i 

1.0 

Reticulo-cndotbclial apparatus: 







i 


Roticular cells . . . . j 

3.6 


2.8 

l.S 


3.6 

1 

, 2.0 

Endotlielial cells .... 

O.S 


1.0 

0.0 


1.4 

1 

Wandering forms 

0.4 


0 6 

K2 


0.4 

j 

0.2 

— 

4.8 

4.4 


3.0 


5.4 1 

2 2 

I.j^npliocytes ' 

0.6 


O.S 

0.6 


0.4 

! 

0.0 


I 


^ Basophils not encountered; inetnmyclocytos include, for simplification, all colls between 
myelocytes and filamented nuclear forms. 


Com inent. A number of diseases other than hemophilia can produce 
“bleeders” and some of these have a familial incidence. However, in 
these 3 cases, even though hematologic studies are not all that might 
be desired, the diagnosis seems clear. The H'pical familial and indi- 
Audual history of bleeding episodes is I’einforced the delays in 
clotting time, which are all the more striking as they were done by 
the finger prick methods rather than with venous blood. The 
uncontrolled addition of tissue juice the prick method shortens 
the clotting time, so that deficient blood may give a normal test. 
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If it is delayed by tliis method, boAvever, it would be as much or 

more delayed with venous blood. ^ 

Among the reported necropsies on liemoplnhacs may be 
mentioned those of Grandidier, Faucherand, Proby and Colrat, 
Ricker, Kissinger, Voit and Pans, Keneagy, Steward and Legg, the 
first and last authors furnishing a more complete group of references. 
While detailed descriptions are to be found of the size and loca- 
tion of hematomata, the pallor, perhaps degeneration of the 
organs and so on, little or no histology and absolutely nothing of 
significance about the hemopoietic organs is to be found, save for 
Ricker’s statement that the vertebral and femoral marrows were not 
hyperplastic and Schmidt’s reference to his postmortem examina- 
tion of a case some years earlier winch failed to reveal anything 
abnoimal. His remark that nothing was yet known about the patho- 
logic anatomy of hemophilia continued to be justified. _ _ 

Though a discussion of the pathogenesis of hemophilia is beyond 
the scope of this paper, it may be briefly stated that for many years 
various factors have been held responsible for the bleeding. Vir- 
chow’s authority for a long time focussed attention on Blagden’s 
observation of unnatural thinness of vessel walls, an item that we 
have not observed in our 3 cases. Sahli postulated a local condition 
in the wall to account for the spontaneous hemorrhages, in addition 
to blood changes responsible for delayed coagulation of the blood, 
which, of course, is present even beWeen attacks. Incriminated 
have been; (a) an excess of antithrombin (Weil), (b) calcium 
deficiency (Wright), (c) thrombokinase deficiency (Morawitz and 
Lessen), (d) qualitative defect in protlirombin (Nolf and Kerry, 
Addis, Feissly and Freed, and Eagle) and (e) qualitative changes in 
the platelets (Fonio, Lee and Minot, Howell). The last two views 
have the most adherents today, the platelets on account of the 
morphologic changes noted and their observed delay in brealdng 
up under experimental conditions, the prothrombin defect because 
a proper assemblage of components will produce normal plasma 
clotting with hemophilic platelets and under certain conditions 
hemophilic plasma still clots sloivly when normal platelets are 
added. Quick’s recent work tends to relieve prothrombin of respons- 
ibility. The matter still awaits elucidation; a possibility of both 
factors being contributory remains sub judice, especially in view 
of Hpwell’s statement that platelets may contain protlirombin. 
Any information then, about the state of the hemopoietic tissues, 
especially of the megakaryocytes from which the platelets are 
derived, should be on record. 

The state of the thrombocyte series in the bone marrow was the 
stnking feature in all 3 cases, even though the cause of death was 
difterent in each. The extent of numerical increase in this series 
ot cells was not fully appreciated until estimations of the incidence 
m approximately 12,000 cells per bone was compared with similar 
estimations in a group of non-hemophilic controls (Table 2). The 
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(liil'crences in tlie ])ercentap:cs of tfic thrombocyte group in Talrlos 
1 ami 2 indicate the need for an estimation covering a mucii larger 
number of cells than the usual differential count of 500 or even 1000 
in categories that are sparsely represented; a method which we 
ha^'e found satisfactory is described briefly in the following article. 

Table 2.— Gnoss Estimation of Thuombocyte Sekies.* 

(200 consecutive fields, averaging 00 cells each) (expressed as number per 12,000 
total colls and in per cent of the 12,000). 

Mo"ii!;.-iryo- Xornial DoRcn. 

blasts. jiicBakaryoaytcs. iiicgakaryocytcs. Total. 



Xo 

r • 

/o- 

No. 

7c. 

No. 

%• 

No. 

7o. 

Honmphilia: 









Case 1.— Sternum 

12 

0.10 

21 

0.18 

36 

0.30 

69 

0.5S 

Vertebra 

1C 

0.13 

21 

O.IS 

33 

0.2S) 

72 

0,60 

Case 2. — Sternum 

7 

0.06 

C 

0.0.) 

32 

0.27 

45 

0.3S 

Vertebra 

S 

0.07 

20 

0.22 

2.3 

0.21 

.39 

0.49 

Case 3. — Sternum 

S 

0.07 

20 

0, 17 

23 

0.10 

51 

0.43 

Femur . 

10 

0.13 

23 

0.10 

, 9 

O.OS 

48 

0.40 







AveraRC 

57.3 

0.48 

Non-bemopbilir eontrols: 








• 

Syriiptomatie purpura 

6 

0.0.‘« 

10 

O.OS 

1.3 

0.12 

31 

0.26 

Symptomatic jiurpuru 

1 

0 01 

2 

0.02 

1.3 

0.12 

18 

0.15 

Polypythemisi vera 

•1 

0.03 

20 

0.17 

20 

0.17 

44 

0.37 

Chronic Iiemurrhrutc 

•1 

0.03 

0 

0,03 

13 

0.11 

26 

0.22 

Arsphenamin neutropenia 

•1 

0 03 

16 

0.13 

7 

O.OG 

27 

0.23 

Third (lestree burn 

5 

0.01 

12 

0,10 

13 

0.11 

30 

0.25 

Brain tumor . 


0 02 

.S 

0.07 

21 

0.18 

31 

0.20 

Bronehtjpiu'umonia . 

0 

0 0.') 

11 

O.OS) 

H 

0.11 

31 

0.20 







AvcraKc 

29.7 

0.25 


■* For itictbod employed see foUowiritt article. 


The relatiA'e percentage in the 3 hemophiliacs was fairly uniform 
and, surprisingly enough, in 2 cases the number in each of two differ- 
ent liones Y'aried by only 3 cells. As shown by the larger cell count, 
the constancy of the megakaryocyte content of marrow in unse- 
Iccted non-hemophiliacs was remarkable, falling within a range of 
5 ceils except for a case of severe symptomatic purpura in profound 
pansinusitis which showed comparative paucity, and an increase 
in a case of polycythemia vera in which megakaryocytes are usually 
described as being jilentiful. An average in hemophilia of 57.3 
cells of the megakaryoc>te series per 12,000 total cells opposed 
to 29.7 in S non-hemojihilic controls is regarded as significant. It is 
worthy of note that the largest percentage of megakaryocytes 
appeared in the purely hemorrhagic case, the smallest in the purely 
infectious and a midposition held by the case in which hemorrhage 
was a minor factor; the increased incidence of megakaryoblasts, 
evidence of regenerative activity, was associated with hemorrhage, 
matched only by the apparently recently hyperplastic femur in the 
infectious case, in which the increase in A'oung forms was offset by 
the sparsity of degenerate cells. Even in normal marrow a so-called 
degenerative-regenerative balance between normal and degenerate 
megakaryocytes is maintained and the close juxtaposition of a young 
and an effete cell occurring fairly frequently led one of us in a previous 
paper to suggest the possibility that the stimulus to new formation 
is furnished by a “nekrohormone” liberated by the degenerate cell. 

The morphology of megakaryocytes in this disease does not vary 
from the normal. The megakaryoblast is seen as a hypertrophic, 
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moderately basopliilic cell -which may be strictly mononuclear or 
may exhibit early nuclear polymorphism, nuclear lobes occasionally 
appearing to lie one upon the other; the vague acidophilic granular- 
ity is rarely seen in this stage. The normal adult megakaryocyte 
presents a more or less vesicular nucleus which is multilobated vdth 
sharp perinuclear membrane, fine chromatin strands and prominent 
nucleoli lying in a large cytoplasmic mass with pale basophilic 
background and extremely delicate pink-staining granules. The 
degenerate cell is characterized by a sfeunken or faded nucleus and 
a frayed vacuolated cytoplasm which stains poorly. On four occa- 
sions it was possible to demonstrate the so-called “Wi’ight’s figures,’ 
i. e., cytoplasmic buds of megakaryocytes which extend through 
the wall of a blood sinus into the lumen, confirming J. H. Wright’s 
observations on the mechanism of platelet formation; two such cells 
are pictured (Plate I, A and B). 

Formation of erythrocytes and granulocytes in all 3 cases con- 
formed strictly to normal standards. Erytliropoiesis seemed rather 
more active in the flat bones of all 3 cases than one' usually finds 
except in the severe anemias. The femur of Case 3 offered a con- 
trast in that red blood cell formation was subordinate, as though 
hyperplasia in the long bones occurs as the needs of the situation 
demands, in this instance the production of neutrophils to combat 
infection. Eosinophilic myelocytes were unduly prominent in the 
marrow of Case 2, the reason not being apparent. Cells of the gen- 
eral reticulum appeared normal and transition toward megakaryo- 
blasts and myeloblasts could be traced. The marrows were too 
complex for the demonstration of Doan’s capillaries. Although the 
femur in Case 3 was moderately hyperplastic, the tibia was entirely 
fatty, supporting the view that the femur is a fairly good index of 
increasing bone marrow activity, and that the tibial marrow is 
among the last to become hjqierplastic. 

Details of various visceral changes are not worthy of comment 
except for a few points. It can be safely stated that no structural 
abnormality of bloodvessels . can be demonstrated; the vascular 
thickening and distortion in Case 1 were undoubtedly rheumatic. 
The accessory blood-forming organs, namely spleen and lymph 
nodes, showed no significant changes, although an increased promin- 
ence of cells of the reticulo-endothelial system was noted in each 
case; there was no evidence for or against the autochthonous forma- 
tion of the megakaryocytes seen in the spleen of Case 1; naked 
megakaryocyte nuclei were observed in the lung and kidney capil- 
laries, indicating that they, at least, were embolic. Megakarocytes 
m the blood stream and in organs other than the bone marrow have, 
however, been observed in various conditions. 

Summary. 1. Three fatal cases of hemophilia with necropsy are 
reported, 1 dying from uncomplicated hemorrhage, 1 from appen- 
dicitis and hemorrhage, and 1 from fulminating penumonia. 

TOL. 189, NO. 5, — ^MAT, 1935 22 
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3. The heino])oictic tissiies all showed nonnal regenerative, ability, 
the first two predominantly crythrol>lastie, the third lenkoblastic. 

3. All tlirec showed a marked increase of megakaryoblasts and 
megakaryocytes in the bone marrow’s, indicating a relationship of 
the blood platelets to the hemophilic process. 

4. J. H. Wright’s observation of platelet formation in the bone 
marrow’ sinusoids from intruding pseudopo'ds of megakaryocyte 
cytoplasm w’as supported by our findings. 
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The differential count of cells of the bone marrow is not a simple 
matter, particularly w’hen one is dealing with sectioned material. 

* No. VI of the “Studies on the Structure and Function of Bone Marrow.” 
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For those accustomed to the study of blood films, the marrow count 
is comparatively easy when obtained from well prepared smears 
(teased tissue suspended in serum and streaked as with blood) or 
imprint preparations (bits of marrow touched to the slide) sta-ined 
by the method routinely used with blood. Unquestionably individ- 
ual cell morphology is best brought out by this method. If one. is 
concerned with the relative proportions of various cell series, how- 
ever, the smear or imprint preparation is not accurate, in that closely 
packed cell clumps do not tend to disperse or may even adhere to 
marrow interstices and not be included on the slide. We believe 
that careful differential counts of marrow sections give truer infor- 
mation regarding the status of the hemopoietic tissue. 

Of necessity, thin sections well stained by one of the Romanowsky 
modifications (azure Il-eosin, eosin-methylene blue, eosin-orange 
G-toluidin blue, dilute Giemsa, etc.) must be employed. The optical 
system of the microscope should be such that a magnification of 
about 1500 diameters is attained, for example, with a 1.2 mm. 
oil-immersion objective and a 15X ocular; the higher magnification 
is of particular importance in that there are fewer cells per field, 
thus admitting less possibility of confusion. An ocular micrometer 
is practically a necessity and may be either of the net type or the 
two-parallel-line variety, the latter being ther one usually employed 
in reticulocyte estimations; the choice is a matter of personal taste. 

Table 1.— Compabison of Count op 


Granulocyte series: 

Myeloblasfs 

Promyelocytes (neutrophil) 
Myelocytes (neutrophil) 
Myelocytes (eosinophil) 
Metamyelocytes (all types) 
Segmenters (all types) 

Erythrocyte seric.s: 

Megaloblasts 

Erythroblasts 

Normoblasts 

Thrombocyte series: 

Megakaryoblasts .... 
Megakaryocytes .... 

Heticulo-endotholial apparatus: 
Reticular cells \ 

Endothelial cells J ' ' ' ' 

Wandering cells .... 

Lymphocyte series; 

Lymphocytes 

Pla.smocytes 

* Case of idiopathic agranulocytosis, 
t Case of septic neutropenia. 


Fihst and Second 500 Cell.Ghoups. 


Best fit.* 


Poorest fit.f 

Fivst 

.Second. 

First 


Second 

500. 

500. 


500. 


SOO. 

175 

185 


25 


11 

14 

12 


36 


24 

1 

1 


73 


115 

0 

1 


9 


3 

0 

0 


67 


89 

0 

0 


162 


100 

— 

190 

199 

— 

372 

— ; 

19 

16 


0 


2 

92 

95 


32 


60 

102 

97 


43 


61 

— 

213 

20S 

— 

75 


4 

7 


2 


0 

7 

7 


4 


2 

■ 

11 

14 

• 

G 

— 

60 

47 


IS 


14 

4 

9 


23 


15 



54 

56 

— 

41 

— 

2.1 

10 


5 


3 

9 

4 


1 


1 

— 

.32 — 

23 

— 

6 
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Differential Count of All Cell Types. Until recently we regarded 
a count of 1000 cells as none too extensive. Comparison, however, 
of the percentage obtained in the first 500 cells with that of the 
second showed, to our considerable relief, negligible difference for 
the more frequently represented cell types; Table 1 lists the best 
and poorest examples now on hand. 

Identification and tabulation, -then, of 500 cells are deemed suffi-, 
cient. Dr. Neil McLeod tells us that he has had the same experience 
and agrees that 500 is the optimum number for the chief groups. 

The procedure is best (but not necessarily) carried out by two 
indhdduals, an observer and a recorder, the former tallying total 
cells on a hand tabulator. The list of cell types to be identified is 
prepared beforehand and the recorder tabulates the cells as called. 
The number of cell varieties is too great to permit the use of any 
instrument such as the Marbel blood cell calculator. In a given 
delineated field all cells of a particular type may be counted and 
the total given to the recorder before passing on to the next cell 
tjqDe in the list, or cells may be tallied as they are met by proceeding 
systematically through the field. 

An effort is necessary to eliminate as far as possible the personal 
factor in the count, i. e., the subconscious temptation to stop at 
choice fields containing perhaps particular cell types in which the 
observer is interested. Our habit is to count every fourth field, 
avoiding only those containing bone trabeculoe or large blood sinuses. 
The interpretation of cell morphology varies slightly with difterent 
indhdduals and the terminology employed by the three main 
schools of hematology is considerably at vai-iance; comparison, 
therefore, is most reliable when the marrow counts have been done 
by the same observer. 

About 5% of cells encountered cannot be identified accurately 
and are be.st completely omitted rather than listed by guess; this 
figure varies in direct proportion to the degree of degeneration 
present in the tissue. If the number is unduly large, a statement 
to tills effect should be made in the report. 

Estimation of Infrequently Appearing Cells. The ordinary count 
of 500 can hardly represent accurately the incidence of a type of 
cell which is sparsely and irregularly distributed in the tissue. A 
method of estimation involving many fields and great numbers of 
cells would naturally narrow the limits of error. In the previous 
article, for example, the cells of the megakaryocyte group were 
under surveillance; empirically we decided to note the incidence of 
these cells in 200 consecutive fields. All cells in each of 10 fields 
were counted in each of the 14 marrows studied by this method 
and an average obtained (for the optical system employed the aver- 
age was 60 [59+] cells per field with a scatter from 49 to 70); this 
was further checked from time to time; thus the number of mega- 
karyocytes in 200 fields (i. c., approximately 12,000 cells total) was 
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recorded and the percentage calculated. Encroaclunent of fat 
cells, bone trabeculie and blood sinuses on the field is avoided as 
much as possible; when fat is plentiful half-fields can be estimated. 
The constancy of these figures was remarkable, much more so than 
that shown in the full differential count of 500 or even 1000 cells, 
demonstrated clearly by comparison of Tables 1 and 2 in the 
preceding article. 

We feel that the similarity of the megakaryocyte percentages in 
the control cases constitutes support for the validity of this method. 
It is ob\’ious, however, that averages must usually be obtained for 
each marrow studied, and that if the cellular density of the fields 
A'aries greatly in any one marrow, the method is not suitable. The 
error involved in taking an average number of cells per field appears 
to be much smaller than that incurred by examining the smaller 
number of cells. Thus, if the maximum observed variation of figur- 
ing on 50 cells per field instead of 60 (or an estimation error of about 
16%) was assumed in the sternal marrow of Case 3 (see preceding 
paper), the percent of megakaryocytes would only be changed from 
0.43 to 0.51, whereas the 500 cell method gave 1.4%. 


CHRONIC GRANULOCYTOPENIA OF FIVE YEARS’ DURATION 
WITH RECURRENT ACUTE ATTACKS. 


Case Report. 


By Clair L. Stealy, M.D., F.A.C.P., 

CHIEF OF INTERNAL MEDICINE, HBES-STBALY CLINTC,* CONSULTANT CHIEF IN INTERNAL 
MEDICINE, SAN DIEGO COUNTY GENERAL HOSPITAL, 

SAN DIEGO, CALIF. 


Because of the widespread interest in granulocytopenia (agranu- 
locytic angina, malignant neutropenia, granulopenia), I am reporting 
a case of chronic primary granulocytopenia which has been under 
my observation for 5 years. The chief value of the study lies in 
the length of time the case has been under observation; the blood 
counts made daily or at regular intervals over this period of time; 
and the complete picture it presents of the clironic primary type 
of the disease— the characteristics of the acute episodes, the sub- 
jective and objective findings before, and during the intervals 
between, attacks, and the blood pictures during the various periods 
of the cycle of the disease. 


Case Report. The patient, a woman, aged 33, had never consulted a 
physician prior to this illness. After the sudden death of her first husband, 

* to get accurate percentages of sjairse cell types and mistrust 

a method based on an average number of cells in fields that may vary considerably 
J Js suggested that after the 500 cell count has teen finished, the count be continued 
wtbout allocaUon of cell types other than those under special consideration, depend- 
ing on the patience of the observer, until at least 5000 cells have been covered 
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in 1927, sbe had noticed periods of extreme exhaustion in which she seemed 
to need more rest than usual, but she attributed this exhaustion to irregu- 
lar hours of eating and resting follondng his death. 

In November, 1929, 5 months after her second marriage, she had a ve^ 
profuse menstrual period accompanied by cramping pain in the pelvis. 
Because of amenorrhea for the preceding 3 months and severe nausea of 
1 week’s duration, this was diagnosed by a g 3 mecologist as a spontaneous 
abortion. Codein and morphin were given for relief of the pain and, as 
the uterine bleeding persisted, gynergen and ergot were administered; 
aspirin, allonal, amytal and sodium luminal were prescribed for restlessness 
and general aching. One week later she experienced chilly sensations, pain 
in the eyes and the feeling that her head was expanding. The next day 
she had a definite chill. She consulted no physician at that time but took 
large amounts of allonol. Three days later I saw her for the first time. 

Besides the generalized aching and chilty sensations, the patient com- 
plained of pain over the precordial area, pain in and around the eyeballs 
and sharp, shooting pains in the long bones. The uterine hemorrhage and 
pelvic pain had completely subsided. Her temperature was 102° F. A 
diagnosis of influenza was made, but because of the possibility of an early 
encephalitis a neurologist was consulted and a spinal puncture was done. 
The spinal fluid was normal in all respects. The 5 blood counts made at 
this time, November 11 to IS, 1929, revealed a depression of the total 
leukocjde count, and upon 1 occasion an almost complete absence of 
neutrophils (Table 1). 

During the first half of 1930 the patient had a urinary disturbance 
characterized by ds’^suria with considei'able albumin and numerous pus 
cells in the urine. She had no other symptoms and experienced no other 
disturbance. During 1931 she had no symptoms of sufficient importance 
to cause her to consult a physician. The findings of an occasional urin- 
alysis were normal. 

On January 12, 1932, another attack similar to that of November, 1929, 
occurred (Table 1). She recovered from this attack but continued to com- 
plain of exhaustion, aching and occasional rises in temperature. 

On April 13, 1932, the patient experienced a sudden severe chUl with a 
temperature of lOS*" F. Her appearance was that of a desperately ill 
person. A blood count revealed the presence of only 800 leukocytes, of 
which but 4% were neutrophils. She was sent immediately to the hospital 
where nucleotide was given according to the directions of Jackson and his 
coworkers with results in accord with their experience. The course was a 
stormjr one but the apparent response to the nucleotide, though gradual, 
was continuous (Table 1). A culture from the blood taken during this 
attack disclosed the presence of an organism later identified as a diphtheroid 
streptococcus. Shortly after the attack the organism was recovered also 
from the cendcal canal. ,, 

The sjmdrome of acliing, easy fatigue, precordial pain with slight irregii- 
laritj'^ of the pulse, periods of loose stools and occasional rises in temperature 
persisted, 

A complete physical ree.xamination now revealed three possible sources 
of infection: cervix, right tube and appendix. Because of the possibility 
that infection might be plajfing a part in her condition it was reconnnended 
that the cervix be cauterized, which was done, and that the pelvis and 
appendix be investigated as soon as the condition of the patient should 
permit such a procedure. 

On November 2, 1932, another acute attack occurred. Nucleotide Avas 
giA^en again and again apijarent response was noted in increasing numbers 
of leukocytes and a gradual return of neutrophils (Talrle 1). 

A month later, as the patient felt A'cry Avell subjectively, an abdominal 
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exploration preceded hy a curettage of the uterus Y'as performed. The 
cervical os was somewliat stenotic as a result of previous cauterization. 
The abdominal organs were normal in appearance and to palpation and no 
gross lesions could be found. Both ovaries and both tubes were normal 
in appearance as was the uterus. Appendectomy was performed. 

Follo^ving the surgical procedure a typical postoperative leukocytosis 
with the usual postoperative neutrophilia developed (Table 3). The 
leukocyte count then returned to normal limits but the neutropluls and 
lymphocytes again assumed their previous fairly equal distribution. 

In February and May, 1933, she experienced sufficient increase in 
symptoms and change in blood count to cause us to curtail all activity 
and put her at bed rest, although the expected acute attacks did not develop. 
The last acute episode to date occurred in September, 1933, following an 
acute cold (Table 1). No medication other than general supportive 
measures was used. 

Discussion. The symptomatology, the clinical history, the 
physical findings and the blood counts taken during the acute 
attacks (Table 1) and during the periods of remission (Table 2) 
present a tj^iical picture of the chronic primary t\qie of the disease 
without ulceration. ' 


Table 1. — Blood Counts Made Dunmo Acute Attacks. 


4/15/32 

4/10/32 

4/17/32 


8 A.M. 
12 M. 

5 P.M. 

0 A.M. 
12 M. 

5 P.M. 

8 A.M. 
12 M. 

5 P.M. 


Date. 


Leukocytes. 

Neutropliils 

% 

11/12/29 


. . . . 5200 

40 

11/13/29 


. 5000 

35 

11/14/29 


. . 3400 

9 

11/15/29 


. 3800 

0 

11/18/29 


.... 7200 
Supportive Treatment Onhj. 

27 

1/12/.32 


2000 

0 

1/13/.32 


. 2100 

.3 

1/14/32 


. . . 2000 

10 

1/18/32 


. . . 7400 

40 

1/21 /.32 


. . 4800 

28 

1/25/32 


0000 

Supportive Treatment Only. 

04 

4/12/32 


. . . . 800 

4 

4/13/32 

12 M. 

. . 700 

0 


2 P.M. , 

700 

0 


4 P.M. . 

. . 850 

0 


0 P.M. . 

800 

0 

4/14/32 

8 A.M. . 

880 

0 


10 A.M. . 

840 

2 


12 M. 

2 P.M. . 

. 1300 

. 1300 

2 


4 P.M. . 

n ^ - 

. 1300 

3 


1750 

1700 

1000 

1700 

2280 

1700 

2850 

2400 

24.30 


7 

14 

45 

10 

35 

33 

32 
38 

33 
21 


Lymphocytes, 

% 

40 

G1 

86 

84 

71 


97 

94 

82 

SO 

07 

34 


96 

97 

94 

98 
93 
93 

95 
90 

90 

91 
86 
54 
83 
05 
00 
08 
02 
07 
72 
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Tabt.b 1. — Blood Counts Made During Acute Attacks. — (Conlmucd.) 


Date. 

J^eukotiyles. 

Neutrophils, 

% 

lyinphocytcs, 

% 

4/1S/.12 8 a.m. . 

... . 2480 

30 

60 

12 M. 

. 2850 

27 

65 

5 P.M. 

, 2620 

21 

78 

4/19/.32 S A.M. , 

. 2700 

31 


5 P.M. 

3200 

35 

04 

4/20/32 A.M. 

.3730 

34 

00 

P.M. 

4410 

31 

77 

4/21/32 A.M. . . 

3950 

44 

so 

P.M, 

4550 

31 

OS 

4/22/32 A.M. 

. 4500 

46 

53 

P.M. 

. 4100 

23 

74 

4/23/32 A.M. 

. , . 4100 

42 

68 

P.M. . 

. 4500 

45 

52 

4/24/32 A.M. , . 

. . . 5250 

48 

48 

P.M, . 

. . . . 5400 

60 

40 

4/20/32 . . , , 

. . . . 7400 

45 

50 


9100 

Nucleotide Therapy, 

49 

45 

10/31/.32 .... 

0500 

62 

44 

11/ 2/.32 A.M. , . 

3400 

73 

27 

P.M. . 

3000 

79 

21 

11/ 3/32 A.M. . , 

. . . . 1700 

20 

08 

P.M, . 

1200 

12 

84 

11/ 4/32 A.M. . , 

1500 

2 

89 

M. 

1400 

0 

93 

P.M. . 

1100 

0 

100 

11/ s/32 A.M. , , 

1300 

1 

95 

P.M. . 

1200 

5 

88 

11/ 0/32 A.M. , . 

2000 

21 

72 

P.M. 

. 2200 

24 

71 

11/ 7/32 A.M. . 

. . 3200 

52 

40 

P.M. . 

3200 

40 

52 

11/ s/32 A.M. . 

. . . . 3200 

46 

S3 

P.M. 

, . . . 3500 

44 

54 

11/ 9/.32 A.M. . . 

. , 3000 

42 

57 

P.M. . 

. , . 4000 

39 

59 

11/10/32 .... 

4700 

49 

47 

11/11/32 .... 

. . . . G40U 

Nm'ifotidc Therapy. 

59 

37 

9/11/33* 9 A.M. , 

2400 

0 

■48 

11 A.M. . 

. . , 2000 

G 

53 

1 P.M. . 

. 4050 

2 

70 

3 P.M. , 

. . 4150 

4 

02 

5 P.M. . 

, , . 6000 

8 

04 

7 P.M. . 

, 5250 

7 

00 

1/12/.33 9 A.M. . 

0100 

14 

57 

11 A.M. . 

, GOOO 

12 

01 

1 P.M. , 

. 4950 

8 

70 

6 p.si. . 

... , 5050 

14 

57 

9/13/33 9 A.M. . 

. . . . 4950 

13 

73 

11 A.M. . 

5800 

17 

58 

9/14/33 .... 

. . 8500 

17 

68 

9/1S/33 .... 

10,300 

Supportive Measures Only. 

57 

42 


* I am indebted to Dr. S. R. Mettier of the University of California Hospital in 
San Francisco for the blood counts and data obtained during tbis attack which 
occurred while the patient was visiting in that city. 
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Table 2. — Blood Pictuhes Dobinq Pehiods of Remission. 
{Averages of Counts Made.) 


Dato. 

2/ 9/32 to 3/24/32 (14 counts) . 
4/28/32 to 10/ 5/32 (25 counts) . 
11/12/32 to 12/ 3/32 (daily counts) 
12/14/32 to 1/31/33 (daily counts) 
2/11/33 to 4/24/33 (daily counts) 
6/10/33 to 9/ 7/33 (45 counts) . 
9/19/33 to 1/16/34 (23 counts) . 
2/ 1/34 to 6/ 1/34 (38 counts) . 
6/ 1/34 to 12/31/34 (28 counts) . 


Leiilcocytes. 

Neutropliils, 

% 

Lymphocytes 

% 

6521 

48 

48 

. 8128 

57 

39 

. 5643 

38 

56 

. 7756 

43 

53 

. 7494 

46 

48 

. 7064 

44 

52 

. 9321 

54 

41 

. 6154 

55 

40 

. 6135 

59 

35 


Table 3. — Nobmal Postoperative Leukocytosis. 


Date- 

Leukocytes. 

Neutropliils, 

% 

Lymphocytes, 

% 

12/ 4132* . . . 

.... 8,800 

37 

54 

12/ 6/32 .... 

. . . . 10,100 

47 

41 

12/ 6/32 .... 

. . . . 11,400 

63 

32 

12/ 7/32 .... 

. . . . 12,000 

78 

16 

12/ 8/32 .... 

. . . . 9,500 

72 

26 

12/ 9/.32 .... 

. . . . 8,500 

66 

27 

12/10/32 .... 

. . . . 8,200 

55 

39 

12/11/32 .... 

. . . . 9,000 

67 

30 

12/12/32 .... 

.... 8,000 

43 

54,., 

12/13/32 .... 

.... 6,775 

52 

43 

12/14/32 .... 
Date of operation. 

.... 8,800 

40 

67 


Table 4.— Increase in Neutrophils Followed by Reversal of Neutrophil- 
Ly'mphocyte Ratio— a Possible Indication op Oncoming Acute Attack. 


Date. 

Leukocytes. 

Neutrophils. 

Lymphocytes. 

10/31/32 

. . 6500 

52 

44 

11/ 2/32 a.m 

. . 3400 

73 

27 

P.M 

. . 3007) 

79 

21 

11/ 3/32 A.M 

. . 1700 

20 

68 

P.M 

. . 1200 

12 

84 

11/ 4/32 A.M 

. . 1500 

2 

89 

2/ 3/33 

. . 7100 

47 

50 ■ 

2/ 4/33 

. . 7500 

63 

33 

2/ 5/33 

. . 5600 

74 

25 

2/ 6/33 

. . 4000 

32 

63 

2/ 7/33 

. . 6200 

19 

71 

2/ 8/33 

. . 5800 

28 

66 

2/9/33 

. . 6400 

47 

50 

2/10/33 

. . 8900 

45 

50 

4/29/33 

. . 7600 

53 

43 

5/ 1/33 A.M 

. . 4900 

61 

37 

P.M 

. . 2600 

37 

58 

5/ 2/33 A.M 

. . 2400 

16 

79 

P.M 

. . 4300 

10 

82 

5/ 3/33 

. . 5000 

19 

79 

5/ 4/.33 

. . 7200 

39 ■ 

59 

5/ 5/33 

. - 6400 

37 

59 

5/ 6/33 

. . 7800 

52 

40 

5/ 8/33 

. . 7700 

49 

48 
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The blood pictures reveal one finding of particular interest. On 
3 occasions (November 2, 1932, February 5, 1932, hlay 1, 1932) 
an increase in neutrophils was noted a. few hours before, after or 
at the same time that the total leukocj'te count started to fall 
(Table 4). The fall of the neutro])hil count from this higher point 
was abrupt and caused a • complete reversal of the neutrophil- 
lymphoejde ratio. It is possible tliat such an increase in neutrophils 
may be used as an indicator of an oncoming acute attack. 

Because of a possible relationship between certain drugs and 
granulocjdopenia, in April, 1933, the patient was asked to discon- 
tinue all drugs of the benzin ring. At this time she told me that 
she had done this voluntarily after the first acute attack in 1929, 
as she thought that the allonol which she had taken in large amounts 
at that time might have been responsible for the blood picture. 

Nucleotide Avas given in 2 of the most severe attacks. The rise 
in the leukocyte and neutrophil count corresponded to the results 
apparently obtained by its use by Jackson. Supportive measures 
only were used during the other less severe attacks. 

During the periods of remission A'arious forms of medication haA'e 
been tried. An autogenous vaccine from the diphtheroid strepto- 
coccus found in the blood stream and cervical canal resulted in no 
apparent improvement, Antuitrin intramuscularly and thjToid 
extract orally Avere giA'-en oA'er a period of several months because 
of irregularity of menstruation and the fact that her first definite 
attack occurred Avith a delayed menstrual period and presumed 
abortion, and because a possible connection betAveen this disease 
and -glandular imbalance has been suggested by some authors. 
This form of therapy produced no apparent change in symptomatol- 
ogy or blood picture. Bone marrow was giA'en and AA’as discontinued 
after a month’s trial, during Avhich no improA’^ement Avas noted, 
because of untoAvard symptoms of nausea, Ammiting and dysentery. 

Concentrated forms of A-itamins B and D, in addition to a well- 
balanced diet, haA’-e been giA-en empirically since June, 1934. During 
this time there has been apparent improA-ement in subjectNe symp- 
toms and a rise in the general leA'el of the leukocytes and the neutro- 
phil-leukocytes to Avithin normal limits. We are continuing this 
line of treatment on the basis that granulogj’topenia may be a 
deficiency disease in the same AA-ay that pernicious anemia is a 
deficiency disease. HoAA^eA^er, until tlie question of tlie etiology of 
the disease is determined by further observations and experimental 
AA’ork, our treatment can be only empirical and its value determined 
by results obtained. 

Rtjperescf.. 

Jackson, II., Jr., Parker, F., Jr., Rinehart, J. F., and Taylor, F. II. L.: Studios 
of Diseases of the Lymphoid and Myeloid Tissues: AT. The Treatment of iMalignant 
Neutropenia AA^ith Pentose Nucleotides, J. Am, Med. Assn., 97, 143G, 1931. 
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CYTOPLASMIC CHANGES IN THE PERIPHERAL NEUTROPHIL 
AS AN AID IN DIAGNOSIS AND PROGNOSIS. 


By David R. Meranze, M.D., 

PATHOLOGIST AND DIKECTOR OF LABOKATOBIES, 

Theodore H. Mendell, M.D., 

ASSOCIATE PHT’SICIAN, MEDICAIi SERVICE NO. 2, 

■ AND 

Theodore Meranze, M.D., 

ASSISTANT PATHOLOGIST, 

PHILADELPHIA, PA. 

(Erom the Wards and Laboratories of the Mount Sinai Hospital.) 

Our purpose is to call attention to a hematologic finding which 
we feel to be of proven clinical importance as an aid in diagnosis 
and prognosis and as a guide to the course of infectious disease. 
Except for a few American investigators (Kugel and Rosenthal,^ 
Rosenwasser and Rosenthal, ^ Rosenthal and Sutro,® and Sutro''h 
this matter has been neglected in our country, though utilized to 
advantage by continental, particularly German, workers. Recent 
textbooks of hematology in our language fail to treat the subject 
adequately. Adler,® commenting upon the vast amount of clinical 
information to be gained by this examination of the blood, deplored 
the fact that alterations in the cytoplasm of neutrophils had been 
studied less than those of the nuclei. 

Cytoplasmic changes in the peripheral neutrophil, as we have 
studied them, consist briefly of an alteration of the staining quality 
of the cytoplasm and its components from a normal eosinophilic 
pink to a dirty gray or blue. There is also usually an increase in 
granulation. In the normal neutrophil the cytoplasmic granules 
are fine, regularly dispersed and oxidase positive. In the abnormal 
cell they are coarse, irregular in distribution, staining a deep blue 
and oxidase negative. They may be sparse, grouped on one side, 
or diffusely scattered over the entire protoplasm. All the neutro- 
phils are not uniformly granulated. In some the granules may be 
so large that the cell may be mistaken for a basophil. In addition, 
vacuolization of the cytoplasm is usually observed, giving the cells 
a moth-eaten appearance about the periphery or throughout the 
cytoplasm. These three changes, alteration of the staining char- 
acter of the cytoplasm, abnormal granulation and vacuolization, 
have been regarded by most authors on the subject as toxic or 
degenerative changes, indicative of severe disease process, and when 
pronounced and progressive, to denote an unfavorable prognosis. 

As early as 1908, Cesaris-Demel® spoke of these changes as 
degenerative, the vacuoles being due to loss of fat content of the 
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protoplasm; the i)oor staining quality he noted in cells "about to 
die ” and termed it a process ol' autoidiagocytosis. He also observed 
the excessive granulation and regarded the prognosis as always 
improved Avhen it disappeared from the cells. Tiirk" offered a 
complete description of toxic changes in granular leukocytes in 
various diseases in 1912. Mommsen,® witli a special Giemsa stain 
diluted with a buffered solution of pH 5.4, showed that normal 
granules stained rveakly compared to these abnormal granules. He 
termed tire latter “pathologic or toxic” and stated that pathologic 
granulation is a measure of the intensity of the infection afflicting 
the patient. Barta® shoAved that one could differentiate by a study 
of these changes between localized and generalized infection and 
that increasing toxic cytoplasmic changes indicated increasing graA^- 
ity of outlook. It is interesting to note that, in 1923, just 2 years 
before Minot and Murphy’s discoA^ery of liA’^er treatment for per- 
nicious anemia, at a time Avhen such theories as infection by A^arious 
organisms, particularly B. Avelchii and B. coli, Avere considered in 
discussions of the etiologic nature of this disease, Naegeli,^® impressed 
Avith the persistent absence of pathologic alterations of the cyto- 
plasm of the neutrophils in pernicious anemia and their frequent 
presence in infectious processes stated; “This finding alone is 
suffleient to convince me that the cause of pernicious anemia is 
not infectious.” He^i is so coiwinced of the regularity of this 
finding in severe infections that he uses its absence to militate 
against the belief of the infectious origin'' of acute leukemia. He 
further feels that the regularity Avith Avhich these granulations occur 
in the ireutrophils seen in agranulocytosis point to an infectious 
origin of this disease. 

Spaetffl® demonstrated with Mommsen’s technique that in A’^arious 
infectious diseases the occurrence of pathologic cytoplasmic changes 
depended on the intensity of the infecting agent; the more Aurulent 
the latter the greater the toxic alterations of the cells. He also 
shoAved that the Schilling-Arneth shift did not ahvays parallel these 
toxic changes. Matis,^® corroborating this, maintained that Avhen 
the toxic granulation is marked one must tliink not only of an 
infection but must consider a A’^ery graA-^e prognosis. Adler® belieA’'es 
the granulation is due to absorption of toxin or to destruction of 
protein material, and in the graA'er septic conditions he finds A^acuo- 
lated cytoplasm. Gloor*'* has done extensiA'e Avork upon the subject. 
He has described two types of granules in infections; in mild cases 
the small granule noAV knoAvn as the “A granule of Gloor,” and in 
seA'ere cases the coarse, heaAy granule known as the “B granule 
of Gloor.” The bodies described as the Dohle bodies in scarlet 
fcA'^er, Gloor attributes to a toxically induced alteration in the 
staining quality of the neutrophil 'cytoplasm. 

As to the nature of these changes, Naegelh® has pointed out that 
they do not occur in the bone marroAV but only in the cells of the 
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circulating blood. A toxic effect upon the bone marrow usually 
produces alterations in the nuclei of the neutrophils. He finds cyto- 
plasmic changes occurring in diseases particularly affecting mesen- 
chymal tissues and states that the leukocytic cytoplasmic changes 
parallel the mesenchymal damage. Gloor demonstrated that the 
degree of absorption of pathologic substance from inflammatory 
foci had more to do with the pathologic cytoplasmic changes than 
the apparent local severity of the disease process. The greatest 
degenerative changes, for instance, were found near the crisis in 
pneumonia, when the greatest absorption of toxic products occurs. 
He further found that the more extensive the absorbing surface in 
a disease process the greater the toxic changes in the neutrophilic 
cells; hence in localized infections as appendicitis there would occur 
fewer endoplasmic changes; whereas in peritonitis, with a large ab- 
sorptive surface, marked toxic changes occur. In empyema, as the 
disease process becomes older and more encapsulated, the patho- 
logic blood cytoplasmic changes become less pronounced, presum- 
ably because the pleural sm-face becomes less absorptive. 

Schilling^® attributes these cytoplasmic changes to degenerative 
phenomena, while Naegeli feels they are due to toxic effect asso- 
ciated with suppuration. Barta suggests that they represent phago- 
cytosed particles. Their exact nature is still debatable. Quite 
recently, however, Hirschfeld and Moldowsky^® report having found 
pathologic granular changes in the neutrophils of normal healthy 
Roentgen ray workers; hence they conclude the phenomenon is by 
no means a pathologic one, but rather a reactive change occurring 
in infection and under such influences as the Roentgen ray. 

Present Study. Our study consists of a group of 250 cases of 
infectious and non-infectious diseases from the wards of Mount 
Sinai Hospital on which 1500 examinations were made, employing 
the Jenner-Giemsa staining method. We used Rosenthal’s degen- 
erative index, an excellent simple method for quantitatively meas- 
uring this phenomenon. The index is the percentage obtained by 
dividing the number of abnormal neutrophils by the total number 
of neutrophils studied in the smear. In general, our findings coin- 
cide with those of other authors, except those of Hirschfeld and 
Moldowsky. We have been unable to demonstrate these abnormal 
eytoplasmic states in Roentgen ray workers or in patients receiving 
Roentgen ray treatment. However, we have examined only a 
limited number and intend later to investigate the subject more 
thoroughly. At present we wish to report the findings in the dis- 
eases studied and indicate the value from a diagnostic and prognostic 
viewpoint derived from this study. 

Pneumonia. This disease, above all others, is most uniformly 
characterized by cytoplasmic neutrophilic changes with high degen- 
CTative indices. Indeed, the frequency with which this phenomenon 
is present in lobar and severe lobular pneumonia should make one 
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hesitant in diagnosing these conditions in the absence of toxic granu- 
lation. Tl)e persistence of a high percentage of cells showing toxic 
cytoplasmic changes for some time after the crisis should warn the 
attending physician of a grave complication. During the crisis 
these changes frequently increase, but they slowdy decrease and 
finally disappear with cbnA’'alescence. We have studied 43 such 
cases: 25 of lobar pneumonia, 10 of lobular pneumonia, 2 diagnosed 
clinically pleural pneumonia, 1 diagnosed metastatic pneumonia, 
1 diagnosed pneumonitis and 4 cases of empyema. 

Lobar Pneumonia. Of the 25 cases, 20 yielded degenerative 
indices of 50% or more, with 5 less than 50%— 1 with 0%. How- 
ever, this latter patient was diagnosed lobar pneumonia by an un- 
satisfactory bedside Roentgen ray, the clinical course not bearing out 
the diagnosis. NeA’^ertlieless, including all cases, the average degenera- 
tive index found by us in lobar pneumonia was 60%. In man}’' 
cases the degenerative index was more informatiA'e of the patient’s 


condition than the total leukocyte count. 


Pneumonia Series. 

Patienf. 


.Age. 

Total leukocyte 
count, thousands 
per c.mni. 

Percentage range of 
degenerative inde.'s. 

L. S.* . . , 


77 

16.0-19.0 

• 98-100 

F. C.* . . 


. 45 

4.4-11.5 

34- S3 

M. N.* . , 


2 

47.0-29.0 

87- Cl 

A. S.» . . . 


. 27 

9.0-27.9 

90- 76 

Y. G.* . . . 


, 00 

17. S 

63 

H. 0.* . . . 


. 45 

IS.O 

S3 

S. M.* . , . 


. 76 

29.7 

17 

J. R. . . . 


. 50 

19.2- 8.2 

68- 20 

M. S. . . . 


. 2:} 

23.8-12.9 

51- 5 

. . . 


2 

20.4-19.3 

90- 20 

E. M. . . . 


. .■? 

17.3-13.2 

15- 0 

S. H. . . . 


8 

17.0-10.2 

50- 31 

S. L. . . . 


. 20 

32.1-14.2 

13- 0 

A. L. . . . 


5 

26.7- 7.9 

70- 02 

E. B. . . . 


. 20 

11.4- 7.2 

90- 0 

S. F. . , . 


1 

25.6-12.2 

76- 25 

R. N. . . . 


f 

29.5-15.5 

52- 0 

J. G. . . . 


0 

25.8-16.5 

31- 14 

S. B. . . . 


. 14 

31.4- 8.9 

55- 0 

D. G. . . . 


4 

23.7-14.6 

92- 74 

F. A. . . . 


. 19 

20.4 

84 

E. AA’-. . . . 


. 22 

17.0 

58 

I. S. ... 


2 

17.5-15.2 

61- 50 

J. F. . . . 


. 50 

11.1- 7.1 

0 

D. H. . . . 


3 

22.3- 9.0 

S3- 46 


* Died. 


Ilkislralive Cases. Case 1. — F. C., male, aged 45, waS admitted to service 
of Dr. A. I. Rubenstone, on February 23, 1934, having been ill for 2 daj'-s 
prior to admission nith fever, dyspnea, cyanosis and stitch-like pain in left 
lower chest. Temperature, 101.6° F.; pulse, 120; respirations, 36 per 
minute. Clinical diagnosis: Lobar pneumonia invohdng left lower lobe. 
C. B. C. : 93 % hemoglobin, 4,770,000 erj^throcytes, 4400 leukocytes, with 
42 non-segmented and 52 segmented neutrophils and 6 Ijunphocytes. 
Degenerative index, 34%. Roentgen ray e.xamination confirmed clinical 
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diagnosis. Artificial pneumothorax therapy was used;_ 500 cc. of air was 
injected into the left pleural space and repeated within 12 hours. Next 
day the general condition was poorer, temperature and toxicity persisted, 
the total leukocjde count was 7900 'with 55 non-segmented and 40 segmented 
neutrophils. Degenerative index, 45%; on the follo'wing day, February 25, 
he was worse; the total leukocytes Avere 11,500 with 59 non-segmented and 
38 segmented neutrophils; the degenerathm index had risen to 83%. He 
expired on this day. 

Case 2. — E. B., mate, aged 20, vras admitted to the service of Dr. A. I. 
Rubenstone, on February 27, 1934, for chill, pain in chest aggravated by 
deep breathing, cough and blood-tinged sputum. Temperature, 104° F.; 
pulse, 100 to 120; respirations, 28 per minute. Clinical diagnosis; Lobar 
pneumonia of left lower lobe, confirmed later by bedside Roentgen ray 
examination. Blood chemistry and serology normal; blood culture sterile. 
Sputum: Type I pneumococcus. Blood count: 87 % hemoglobin, 4,300,000 
eiytlrrocytes, 11,400 leukocytes A\dth 1 myelocyte, 32 non-segmented and 
55 segmented neutrophils, 7 lymphocytes and 5 monocytes. Degenerative 
index, 40%. The folloAving day the total leukocyte count rose to 18,300, 
differential similar to original "examination, and degenerative index 55%. 
He was gnmn 80,000 units of antipneumococcic serum (Type I) Avithin 
24 hours in addition to usual supportive measures. The next day, March 1, 
total leukocyte count was 17,900, differential same and degenerative index 
noAv 90%. Clinical condition remained unchanged. On March 2, tem- 
perature fell sharply to normal by crisis and remained there. On March 6, 
after steady improA’^ement, total leukocyte count Avas 12,800 Avith 17 non- 
segmented and 62 segmented neutrophils. Degenerative index had dropped 
to 48%. On March 12, a slight leukocytosis persisted but the degenerative 
index reached 0 %. On March 15, patient Avas discharged as cured— leuko- 
cyte count now normal and degenerative index 0%. 

Lohdar Pneumoiiia. In these 10 cases the degenerative index- 
folloAA''ed the clinical picture as accurately as did the temperature 
and more accurately than did the total leukocyte count. Four 
cases had degenerath’e indices of 50% or more, 5 cases had less 
than 50% and 1 case shoAved no toxic cytoplasmic changes. The 
average degenerative index Avas 45%, or 15% less than in lobar 
pneumonia. Cases of lobular pneumonia in children demonstrated 
the highest toxicity in the neutrophils in this series. 

Lobular Pneumonia Cases. 

Total leukocyte . 


Patient. 


count, thousands 

PerceiitaKC ran"e of 

Atce. 

per c.tnm. 

degenerative index. 

I. K.* . . 

. . . , 3 

16.0- 6 2 

5-91 

J. M.* . . , 

2 

33.4 

62 

S. S. . . 

I 

37.0-17.2 

72-27 

M. G. . . . 

. . . , 1 

21.2 

62 

L. B. . . . 

. . . . 1 

12.7 

35 

M. L. . . . 

. . . . 34 

8.5-lS.O 

45- 0 

M. J. . . . 

.... 7 

15.4-10.5 

16- 0 

W. B. . . • . 

. . . . 21 

9.5 

0 

B. L. . . . 

... 65 

7.8- 5.6 

30- 0 

J. s. ... 

Died. 

. . . 56 

10.5- 0.8 

9-20 


Pleural Pnexmionia. This is a term used by some clinicians to 
designate a form of pneumonitis characterized by fever, mild 
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toxicity, diminished breath sounds, questionable impairment and 
rales of pleuritic rather than parenchymal origin, i. e., in^ ^vhich a 
diagnosis of consolidation cannot be made. These patients are 
usually not as ill as the cases classified lobar or lobular pneumonia 
and the diagnosis of pneumonia in them is ahvap doubtful. Occa- 
sionally a mild pneumonia may be present in this group; more often 
the case is one of uncomplicated pleurisy. We had 2 such cases. 
Both showed no toxic cellular alterations, and the probability is 
that they were not pneumonic. There was also 1 case diagnosed 
“pneumonitis” with a degenei-atiA'c index of 60%. It is more than 
likely that this patient had pneumonia with indefinite physical 
signs, since on the seventh day of her disease a sustained temperature 
of 103° F. dropped by crisis to normal and remained so. 


Pleural Pneumonia Cases. 


Total loukoryte 
count, thousands 


Percentage range of 

Patient. 

Age. 

per c.tnm. 


degenerative index. 

R. P 

30 

17.0 

0 


J. S 

S 

25.8 

0 


E. C 

13 

S 1 

CO 

Diagnosed “pneumonitis.’ 

M. G 

53 

13.2-9 1 

2G 

Pneumonia complicating 
pulmonarj' infarction. 


Emfyema. All cases showed toxic cytoplasmic changes in pro- 
portion to the degree of illness. One died with a mounting degen- 
erative index which reached 62%; the other 3 cases recovered and 
their degenerative indices gradually dropped to zero with recovery. 


Empyema Cases. 


Total leukocyte 
count, thousands 

Percentage range of 

Patient. 

Age, 

per c.mm. 

degenerative index. 

J. M.* . . . 

2 

33.4 

62 

J. G. . . . 

7 

35.7-14.0 

45- 8 

J. G. . . . 

2 

21.8 

20- 

J. Z. , . . 

* Died. 

4 

32.7-14.9 

50-11 

Fatal Cases in 

Pneumonia Grozqn 

There were 9 fatal cases: 7 of 


lobar and 2 of lobular pneumonia. In S of these the degenerative 
index ranged from 65% to 100%, averaging 82%. In the other, a 
proven case of lobar pneumonia in an aged male, the degenerative 
index was 17%. However, this patient lived in the hospital but 
12 hours, only one examination was made and the smear was 
reported before examination as poorly stained. 

Otitic Infections. Fortj^^-seven cases of ear diseases were studied. 
Five cases of otitis media (Group A) and 17 cases of uncomplicated 
mastoiditis (Group B) showed no toxic cytoplasmic changes in the 
neuti’ophils, which finding paralleled mild clinical courses and 
uneventful convalescences. None of these 22 patients manifested 
any marked e^'idences of toxemia, sepsis or complications. Un- 




Fig. 1. — Blood smear showing ceils without toxic granulations. Normal blood. 

( X 700.) 



Fig. 2. — Blood smear showing cells with toxic granulations. From a case of lobar 

pneumonia. (X 700.) 
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eventful recoveries were never in doubt. The total leukocyte counts 
ranged from 15,000 to 28,000. 


Group A 


Total leukocyte 
count, thousands 

Percentage range 
of degenerative 

Patient. 

Age. 

per c.miri. 

index. 

M. D 

. . . . 4 

19.9 

0 

E. G 

. . . . 3 

15.4-13.7 

0 

S. P 

.... 18 

16.3 

0 

S. P 

. . . . 2 

21.8 

0 

I. Z 

. . . . 1 

15.6- 6.1 

0 

Group B 

J. C 

. . . . 10 

IS. 2 

0 

P. S 

. . . . 3 

28.7 

0 

L. I 

. . . . 6 

16.5 

0 

S. I 

.... 17 

17.3 

O' 

L. S 

. . . . 7 

23.8 

0 

P. S 

.... 5 

23.2-13.0 

0 

S. A 

. . . . 1 

15.2- 9.3 

0 

M. T 

.... 46 

10.9- 8.6 

0 

M. N. ..... 

2 

19.4-16.4 

0 

M. A 

.... 7 

19.8 

0 

J. H 

.... 0 

20.9 

0 , 

L. W 

. . . . 1 

19.3 

0 

H. S 

. ... 7 

25.7 

0 

B. S 

.... 6 

is;s 

0 

B. L 

.... 4 

15.6 

0 

M. B 

.... 9 

16.4 

0 

H. N 

.... 11 

12. S 

0 


In Group A the average stay in the hospital was 6 days. In 
Group B the diagnosis was confirmed by Roentgen ray examination 
and operation in 14 cases and by Roentgen ray examination in the 
remaining 3. The average period of hospitalization in this group 
was 11 days. 

The remaining 25 cases evidenced toxic cytoplasmic changes 
varying from slight to a very intense nature. All had septic, 
stormy stays in the hospital and their degrees of illnesses were at 
all times comparable to the height of their degenerative indices. 
In some cases in which toxic changes occurred it was the first phe- 
nomenon to warn of the developing gravity of the condition. Of 
these 25 patients, 13 (Group C) developed diagnosable complica- 
tions, namely, pneumonia, meningitis, erysipelas, adenitis, lateral 
sinus thrombosis, etc. As already shown by Group B, uncompli- 
cated localized mastoiditis will not produce toxic cytoplasmic neu- 
trophil changes; hence it can be stated that the toxic changes in 
this group were due entirely to the complications. As might have 
been anticipated, pneumonia produced the highest degenerative 
indices. Meningitis, it has been shown by others, does not produce 
these changes unless accompanied by bacteriemia. This observa- 
tion was in accord with our findings in 2 cases, 1 with a complicating 
streptococcic meningitis yielding no toxic changes and the other 
with an otitic meningitis and a 25% degenerative index which could 
be ascribed to other factors. One case in this group,' complicated 
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by erysipelas, demonstrated no toxic changes wliicli we were unable 
to explain. The average period of hospitalization in this group was 
4S days, which when compared to the 11-day period in Group B 
gives some idea of their illnesses. 


Group C 

Patient. 

Aiio. 

Total ieiikopytc 
count, ‘thouBonds 
per c.inni. 

Perccnlngc range of degcnonitive 
index; complications. 

M. K.* . . . 

G 

30.8 

25 

Otitic meningitis. 

I. K.* . . . 

3 

16.0- 6.2 

5-91 

Bronchopneumonia. 

J. M.* . . . 

. 4 

12.8-17.8 

0 

Streptococcic meningitis. 

D. H. ... 

3 

22.3- 9.0 

83-^6 

Lobar pneumonia. 

W. H, . . , 

3 

20.4-19.0 

96-20 

Lobar pneumonia. 

F. B. 

2 

24.8-13.2 

75-20 

Erysipelas and adenitis. 

C. G. ... 

0 

IS. 2-14. 2 

0 

Erysipelas. 

C. G. . 

7 

23.3-13.9 

28-11 

Erysipelas and adenitis. 

M. D. . . . 

7 

13.8-11.4 

0-35 

Erysipelas. 

D. G. 

. 4 

10.7- 6.6 

23-24 

Lateral sinus thrombosis. 

IS. ... 

2 

15.2-17.6 

61-50 

Lobar pneumonia. 

E. W. . . 

9 

20.4-20.2 

50-28 

Lateral sinus thrombosis. 

E. H. ... 

* Died. 

. 30 

9.1 

41 

Suppurative pansinusitis. 


Twelve cases of mastoiditis (Group D) showed toxic cytoplasmic 
changes. Whether these are the result of undiagnosed complica- 
tions or very severe grades of mastoiditis we are unable to say. All 
had very septic courses with high degrees of morbidity; thej’^ were 
all quite as sick after mastoidectomy as before, and all gave their 
attending physicians grave concern. Their average length of mor- 
bidity was 19 days as compared to 11 days of Group B. 


Group D 


Total leukocyte 
count, thousands 

Percentage range of 

Patient. 

Age. 

per o.min. 

degenerative index. 

O. R 

. . . . 4 

28.2-15.5 

42-18 

J. L 

.... 3 

24.9-12.8 

58- 6 

R. W 

. . . . 4 

17.2- 7.2 

26- 6 

S. D. . . . 

. . . . 3 

15.9-10.6 

45-28 

M. B. . , 

. . . . 5 

16.3-12.0 

66- 0 

B. H 

. . . . 6 

36.0-19.6 

41-12 

y. R 

.... 12 

14.3 

35 

W. N 

. . . . 5 

24,2 

31 

J. G 

2 

23.3-17.7 

28-14 

B. J 

! . ^ ! 3 

22.7-20.3 

92-65 

S. P 

7 

15.6-20.5 

10-16 

H. N 

2 

40,5-23,3 

13- 0 


From these findings it should be exjrected that in dealing with 
uncomplicated otitis media or mastoiditis toxic cytoplasmic changes 
in the neutrophils should not be present. The addition of this 
finding to the hemogram should bring to mind the possibility of a 
complication or the spreading of what was until then a localized 
infection. 

lUustratii’e Ccifte. Case 3. — T. C., male, aged 17 months, was admitted 
to the service of Dr. M. A. Weinstein, on Jamiaiy 31, 1934, for fever and 
discharge of pus from left ear. Temperature, 103® F.; pulse, 120; respira- 
tions, 40 per minute. Clinical diagnosis; acute otitis media. Roentgen 
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ray examination revealed elironic left mastoiditis. Blood count: ,I4emo- 
globiu, 60%; erythrocytes, 3,400,000; leukocytes, 21,400; with IS non- 
segmented and 58 segmented neutrophils, IS lymphocytes and 6 monocytes. 
Degenerative index, 67%. The child was treated conservatively; the tem- 
perature reached 105° F. t^dee during the next week but only for a few hours 
each time. Clinically, improvement ensued and the discharge ceased. 
However, 2 additional leukocyte counts during this time were 21,450 and 
15,200, respectively; the former showed an increase in the older neutrophils 
with 'a decrease in the younger forms, the latter with normal differential. 
But the degenerative indices for these counts were 81 % and 70 %. Never- 
theless, because of clinical improvement, normal temperature, cessation of 
ear discharge and lowering of the total leukocyte count; in spite of the 
rising degenerative index the patient was discharged as improved. Within 
a few days he was readmitted (February 18) with a chiU and temperature 
of 105° F. Total leukocyte count was 17,400 with 5 non-segmented and 
63 segmented neutrophils, 25 lymphocytes and 7 monocytes. Degenerative 
index, 50%. Left mastoidectomy was performed; hemolytic streptococci 
recovered from mastoid cells. For a week following operation high tem- 
perature persisted; during the second week it ranged between 99° and 
100° F. The total leukocyte counts dropped to normal but the degenera- 
tive indices were slower to reach zero. Patient was discharged on March 14 
improved. 

Upper Respiratory Infections. This term includes cases of acute 
“colds,” coryza, tonsillitis, sinusitis, mild influenza and grippe. 
We found no toxic cytoplasmic changes in this group. When they 
occur in any of these conditions one should be ready to change or 
add to the diagnosis. 


Total leukocyte Range of 
count, thous- dcgencrativi 

Patient. Age. nnds per e.mm. index. 

E. C 5 16.3 0 

E. G 19 14.5 0 

A. W 22 11.9 0 

I. N 9 12.4 0 


Tuberculosis. Many authors report the finding of mild toxic 
cytoplasmic changes in tuberculosis. However, early in the disease 
they are not present. They are more, likely to occur in advanced 
cases in which the disease is making progress and in which secondary 
infection is a factor. Our cases were all early ones. 

Total leukocyte ' 


Patient. 

Age. 

count, thousand , 
per c.mni. 


Percentage range of 
degenerative index. 

L. S. . . . 

. . . 55 

11.4 

0 


J. R. . 

. . . 41 

9.3 

0 


M. C. . . . 

. . . 31 

16.1 

0 


M. G. . 

... 57 

12.7 

7 

Multiple skin infection. 

M. M. . . 

. . . 20 

15.1 

0 



Appendicitis and Peritonitis. Eleven cases of appendicitis ivere 
studied; 6 were acute suppurative in type; all were loca!lized to 
the appendix. All began with an acute attack, mild fever and 
leukocytosis; all were promptly operated upon, ahd all had normal, 
rapid, uncomplicated recoveries. None of these showed toxic cyto- 
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plasniic changes. Tlie other 5 were complicated, 3 with localized 
peritonitis and the formation of jjehdc abscesses demonstrating 
degenerati\"e indices ranging from 25% to 50%. The other 2 were 
instances of perforated appendicitis with generalized peritonitis. 
In them the degenerative indiees ranged from 50% to 74% at the 
height of then- diseases, and witli recovery the cytoplasmic degen- 
erative changes slowly disappeared. 

Two additional cases of peritonitis of considerable interest present 
tliemselves. Both had fatal outcomes, the degenerative indices 
attesting to the gravity of tlie cases. In both this examination 
would have thrown light upon the diagnosis. One (S. G.) was 
under observation for possible meningitis, though peritonitis was con- 
sidered. In meningitis these cytoplasmic changes do not occur to 
such a degree, hence the finding of so high a degenerative index 
(93%) would have favored a diagnosis of peritonitis. The other 
case (S. T.) was an obese middle-aged female, admitted for signs 
of intestinal obstruction thought to be due to the presence of a 
large pelvic tumor. The high degenerative index (91%) should 
haA'e directed attention to peritonitis as the more likely abdominal 
condition. , 


Patient. 

Arc. 

Total leukocyte 
count, tiious-inds 
per c.mm. 

Percentage ranee of degenerative 
index; diagnosis. 

L. M. . 

. 18 

14.2 

0 

Acute suppurative appendicitis. 

F. K. . 

. 24 

21.4 

0 

Acute suppurative appendicitis. 

M. M. . 

. 31 

15.8 

0 

Acute suppurative appendicitis. 

B. C. . 

. 11 

22.4 

0 

Acute suppurative appendicitis. 

L. C. . 

. 17 

15.2 

0 

Acute suppurative appendicitis. 

M. M. . 

20 

25 4 

0 

Acute suppurative appendicitis. 

D. M. . 

. 17 

15.2 

20 

Acute suppurative appendicitis, 
with localized peritonitis and 
pehuo abscess. 

11. S. 

. 22 

10.0 

3.3-15 

Acute suppurative appendicitis, 
with localized peritonitis and 
pehde abscess. 

M. K. . 

. 9 

20.1 

50-20 

Acute suppurative appendicitis, 
with localized peritonitis and 
pelvic abscess. 

A. W. . 

. 14 

15.2 

74- 0 

Perforative appendicitis with 
generalized peritonitis. 

S. A. . . 

. 25 

25.9 

50- 0 

Perforative appendicitis with 
generalized peritonitis. 

S. G. 

1 

19.9 

93 

Primarj' streptococcic periton- 
itis. 

S. T. 

. 51 

14.9 

91 

Generalized peritonitis second- 
ary to gangrene of bowel due 
to embolism of mesenteric 
artery. 

Illitslrcitive Case. Case 4. — A. W., male, aged 14, was admitted to the 


service of Dr. B. Lipschutz, on Februarj" 15, 1934, for pain in right lower 
abdominal quadrant of 2 daj^s’ duration accompanied rwth nausea aud 
vomiting. Temperature, 105° F,; pulse, 160; respirations, 34 per minute. 
Clinical diagnosis: acute perforated appendicitis vith peritonitis. Blood 
count: Hemoglobin, 82%; eriThrocytes, 4,200,000; leukocytes, 15,200; 
with 34 non-segmented and 58 segmented neutrophils, 8 Ijnnphocjdes. 
Degenerative index, 6%. Ruptured appendix was removed and peritoneal 
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caA'ity' drained on day of adinission. In spite of general su])])ortive meas- 
ures, including bloocl transfusions for sepsis, the temperature remained 
■ elevated and vomiting persisted. Total leukocyte count was now 21,700 
rvith 15 non-segmented and 75 segmented neutropliils,_and the degenerative 
index had risen to 74 %. Additional drainage was instituted on F elrruary 22 
without improvement. For the next 2 days condition was grave, the 
total leukocyte counts and differentials remaining the same rvith slight 
variation and the degenerative index persisted at 70%. Cecostomy was 
done on February 24 for obstruction, and drainage now became profuse. 
On March 5, there was the first evidence by temperature chart that the 
patient was improving; the total leukocj'^te count was 16,400 with 40 non- 
segmented and 46 segmented neutrophils and a drop in degenerative index 
to 40%. On March 13, improvement continuing, degenerative index Avas 
26%. On March 17, total leukocyte count AA’^as 14,200, differential nearly 
normal and degenerative index 4%. On March 29, total leukocytes, 6050; 
degeneratiA^e index, 0%. He aa'us discharged on April 1 as cured. 

Biliary Tract Disease. Localized infections of the liAmr or bile 
ducts yield, as a rule, no toxic cytoplasmic changes, as can be 
illustrated by these 7 cases. With an added complicating factor 
the degenerative index Avill rise. 


Patient. 

Age. 

Total leukocyte 
count, thousands 
per c.mm. 

Percentage range of clegcneralivc 
index; diagnosis. 

H. R* . . . 

. 3.3 

28.4-19.2 

70-53 

Subhepatic abscess with 
peritonitis folloAving 
cholecystectomy. 

L. S.* . . . 

. 05 

23.4 

0 

Choledocholithiasis with 
cholemia and liver 
atrophy. 

B. S. . . . 

. 7S 

11. S 

5-29 

Acute cholecj'stitis. 

S. G. . . . 

0 

15 5 

0 

Acute hepatitis 

E. K. . . . 

. 3 

13.7 

0 

Acute hepatitis. 

A. R. . . . 

. 70 

10.9 

0 

Choledocholithiasis. 

R. 8. . . . 

* Died. 

. 33 

20. S 

0 

Subacute cholecj'stitis. 


Miscellaneous Suppurations. In this group of 21 cases of suppura- 
tions in Amrious parts of the body the same rule holds true, namely, 
that in a localized infection in AA'liich but little absorpthm surface 
is exposed to the infecting agent AAm find no cytoplasmic pathologic 
changes. HoAvever, in spreading infections toxic changes begin to 
appear in proportion to the severity and extent of the disease. 
Retropharyngeal abscesses yield high degenerative indices. Sub- 
pectoral abscesses Avith their large absorptive areas shoAved high 
degrees of pathologic cytoplasmic changes. Uncomplicated sal- 
pingitis produced no toxic neutrophilic changes, but aaLbu compli- 
cated by suppurations in the uteFus, septicemia or pelvic abscesses 
Avith peritonitis, then toxic cytoplasmic changes begin to mount in 
degree corresponding to the extent of the surface attacked.. In the 
2 cases of perinephric abscesses, 1 w'as Avell localized and unasso- 
ciated Avith toxic changes. The other Avas more extensixm AAuth 
greater invasion of perinephric spaces, and here Ave found 10% of 
the neutrophils toxic. Had operation not been performed at this 
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point there is no donht that the flegcnerativc index would liavc 
risen. Carbuncles show high toxic; changes in contrast to suppura- 
tive adenitis which rarely yield suck findings. Cellulitis, when 
slight, yields only mild toxic changes but, when spreading and 
associated with suppuration, the degenerative index may reach 
100% and the outcome become increasingly grave. Pyelitis, with 
no further kidney damage and if draining, yields no toxic cytoplasmic 


changes. 

Patient. 

Age. 

Total leukocyte 
count, tlious.in(l8 
per c.mni. 


PcrcentaKP range of,t!ogencnitivc 
indc.'c; diagnosis. 

P. N. . 

7 

24.5 

50 

Rctropharj'ngeal abscess. 

G. G. . 

4 

21.5 

42 

Retropharyngeal abscess. 

L. L. 

5 

21.4 

03 

Retropharyngeal abscess. 

H. R. 

.30 

14.2 

70 

.Spreading subpectoral abscess. 

P. S. . 

IS 

20.0 

40 

.Spreading subpectoral abscess. 

R. L. 

29 

22.0 

0 

Bilateral salpingitis. 

R. M. 

20 

24. S 

0 

Bilateral salpingitis. 

M. B. . 

, 35 

10.5 

28 

.Suppurative metritis. 

, LG. . 

21 

19.2 

04 

.Septic abortion ivith septicemia. 

H. M. 

31 

21.0 

38 

Suppurative metritis. 

M. G. . . 

. 20 

18. S 

00 

Bilateral tuboovarian abscesses 

N. P. . . 

. 54 

10.5 

0 

v-ith pelvic peritonitis. 
Perinephric abscess. 

H. L. . . 

. . 23 

14 7 

10 

Perinephric abscess. 

M. C, . 

, 42 

10 2 

5 

Cellulitis of hand, localized. 

S. L, . 

, 3S 

24 8 

89 

Spreading cellulitis with suppu- 

M. G. 

, , 42 

17.2 

32 

ration. 

.Spreading carbuncle of nock. 

M. L. . 

22 

17.8 

IS 

Inguinal abscess. 

E. G. . . 

. IS 

20.0 

0 

Axillary abscess. 

E. S. . . 

. . 9 

22.4 

0 

Axillary abscess. 

E. 0. . 

. . 32 

30.4 

0 

Perirectal abscess. 

B. G. 

. . 6 

20.4 

0 

Pyelitis. 


These examinations represent tlie height of the disease. 

Osteomyelitis. This group of cases illustrates how an increasing 
degenerative index can warn the clinician of the seriousness of the 
outcome or predict a faivorable prognosis when its steady decrease 
accompanies the clinical course. S. L. on admission showed no 
toxic cytoplasmic changes. Soon these developed and increased 
rapidly, with each examination of the blood, finally reaching 100%, 
and the patient expired. C. S. on admission had a degenerative 
index of 83%, which after the institution of treatment gradually 
dropped from day to day until cure was established and the index 
reached zero. The other cases illustrate that acute fulminating 
osteomyelitis show high degrees of toxic cytoplasmic changes, 
whereas the chronic type demonstrates much different findings. 




Total leukoo.vtc 
count, thousands 

Percentage range of 

Patient. 

Age. 

per c.Tnm. 

degenerative index. 

S. L.* . . 

10 

14.0-12.0 

0-100 With septicemia. 

R.P.* . . . 

n 

13.2 

47 With septicemia. 

I. L. ... 

58 

19.2 

07 

C, .S. . . . 

. 00 

25.4-10.4 

S3- 0 

V. H. . . . 

. . 7 

8.9 

22 

D. R. . . . 

* Died. 

. . 13 

8.4 

0 
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Ilhislraiive Cases. Case 5. — S. L., female child, aged 10, was admitted 
to the service of Dr. M. B. Cooperman, on March 2, 1934._ Followng mild 
sore throat of 2 days’ duration she developed fever with pain and tenderness 
in the region of the right tibial tubercle. Temperature was 105° F.; 
pulse, 130; respirations, 26 per minute. Clinical diagnosis: acute osteo- 
myelitis of hematogenous origin. Blood count: Hemoglobin, 76%; eryth- 
rocjdes, 3,560,000; leukocytes, 14,600; with 4 non-segmented and 78 seg- 
mented neutrophils, 8 lymphocytes and 10 monocytes. Degenerative index, 
0 %. Blood chemistrj'’ and serology normal; blood culture sterile in 48 hours. 

' Roentgen ray examination negative for acute osteomyelitis. Right tibia 
was drilled, pus located and drained. Blood transfusion and supportive 
measures were instituted. On March 6, child was septic and the tempera- 
ture had assumed pump-handle type. Total leukocytes were 12,900, with 
47 non-segmented and 30 segmented neutrophils. Degenerative index, 
40%. Right knee was aspirated, considerable pus removed; organism. 
Staphylococcus aureus hemolyticus. Repeated blood culture now returned 
positive for the same organism as found in knee. Patient steadily went 
downhill in spite of all measures of treatment. By serial counts it was 
interesting to note how accurately the progress was followed by the mount- 
ing degenerative index. On March 7, total leukocj^es, 11,000; 40 non- 
segmented and 32 segmented neutrophils; degenerative index, 58%. On 
March 9, total leukocytes, 21,000, with 22 non-segmented and 50 segmented 
neutrophils; degenerative index, 72%. March 12, total leukocytes, 33,400; 
31 non-segmented and 52 segmented neutrophils; degenerative index, 80%. 
March 14, total leukocytes, 18,800; 35 non-segmented and 38 segmented 
neutrophils; degenerative index, 96%. March 16, the day on which the 
patient expired, the total leukocytes were 12,600, with 28 non-segmented 
and 58 segmented neutrophils, and the degenerative index 100%. 

In Contrast. Case 6. — C. S., male, aged 60, was admitted to the ser\'ice 
of Dr. B. Lipschutz, on January 30, 1934, for pain and swelling of the 
right thigh nith fever. Temperature, 103.8° F.; pulse, 130; respirations, 
22 per minute. Blood chemistrj’’ and serology normal. Repeated blood 
cultures sterile. Blood count: Hemoglobin, 62%; erythrocjdes, 3,200,000; 
leukocytes, 25,400, with 26 non-segmented and 68 segmented neutrophils, 
5 Ijrmphocytes, 1 monocyte. Degenerative index, 83%. Roentgen ray 
examination: acute periostitis. Incision and drainage of the right femur, 
pus found, and drained. Culture from femur: non-hemolytic streptococci. 
Blood transfusions and general measures to combat sepsis instituted. 
February 7, condition still septic; total leukocytes, 14,000, ivith 18 non-, 
segmented and 74 segmented neutrophils. Degenerative index, 74%. On 
February 11, the temperature showed some evidence of striking a lower 
level and clinical improvement was apparent. Total leukocytes, 13,200, 
until 24 non-segmented and 64 segmented neutrophils; degenerative index, 
45%. On February 19, the temperature was normal, general condition 
good, total leukocytes, 10,400, ivith 17 non-segmented and 65 segmented 
neutrophils; degenerative index, 26%,. On February 23, the total leuko- 
cytes were 10,400, with 14 non-segmented and 54 segmented neutrophils; 
degenerative index, 0%. He was discharged on February 25 as cured. 

Meningitis. There are G cases in this series, 5 ivere fatal, 1 recov- 
ered. ^ As pointed out liy Naegeli, marked toxic cytoplasmic changes 
in this disease are usually absent unless bacteriemia be present. 
In 1 case (B. C.) accompanied by a positive blood culture the degen- 
erative index reached 70%. The others manifested slight or no 
toxic changes. 
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Patient. 

Age. 

Total leukocyte 
count, thousands 
per e.Bim. 

Percentage range of degenerative 
indc.v; diagnosis. 

B. C.* . . 

2 

17.5 

7G 

Mcningococoic meningitis 
with meningocoocemia. 

R. S.* . . 

. . 4 

11. S 

10 

Otitic meningitis. ' 

J. R.* . . . 

23 

13.8 

10 

Pneumococcic meningitis. 

.1. M.* 

. . 4 

17.8 

0 

Streptococcic meningitis. 

M. K.* . . 

. . 6 

30.8 

25 

Otitic meningitis. 

T. P. . . 

* Died. 

. . 1 

lG.8-9.8 

20 

Meningococcio meningitis. 


Erysipelas. INIost iiu'estigators bare found toxic cytoplasmic 
changes in erysipelas. Two of our cases with adenitis showed these 
changes and 2 did not. 

Total leukocyte 

count. tliouBiinds Pcrcentaec range of 

Patient. Ape. per e.nim, degenerative index. 


P. D. 
C. G. 
C. G. 
F. B. 


‘ 2 14.0 

0 18.2 

4 23.3-13.9 

2 24.S-13.S 


0 

0 

26-11 With adenitis. 
75-20 With adenitis. 


Ulcerative Colitis. This disease usually presents mild toxic cyto- 
plasmic changes in the neutrophils throughout its course. With 
increasing gravity of the case, and as the patient becomes more 
septic, the cellular cytoplasmic changes are intensified until a 
degenerative index of 100% may be reached in the advanced cach- 
ectic state. The patient who died (B. G.) demonstrated a gradu- 
ally increasing degenerative index over a period of months until 


it reached 91 % before death. 

Total leukocyte 
count, thousands 

Percentage range of 

Patient. .\ge. 

per c.nim. 

degenerative index. 

B. G.* 10 

10.0-21.4 

0-91 

B. B ,20 

15,3 

18 

* Died. 




Body Burns. Burns, as a rule, produce no cytoplasmic neutrophil 
changes. However, when infection with large area for absorption 
is present these changes occur. In our fatal ease (L. B.), the patient 
was hospitalized for more than 400 days, in the last few months the 
degenemtive index steadily mounting and remaining at 100% for 
a few weeks before death. 


Patient. 

A'AC. 

Total leukocyte 
count, thousands 
per c.mm. 

Percentage range of 
degenerative index. 

L. B.* . . 

7 

21.0-15.0 

75-100 Secondary infection. 

M. P. . , 

. . 9 

20.0-1S.0 

0- 35 Secondary infection. 

M. R. . . 

10 

15.0 

0 Localized, uninfected. 

* Died. 


* 



Neoplastic Diseases. Of these 1 1 cases of tumors, G presented no 
toxic cjdoplasmic changes. These included 4 cases of carcinoma 
with and without metastasis, 1 case of Hodgkin’s disease and 1 case 
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of non-inalignant ovarian cyst. Hence, benign tumors, malignant 
tumors, metastasis or even fatality in this group are not causes 
for these changes. Five cases did demonstrate toxic cytoplasmic 
alterations, the degenerative indices ranging from 30% to 87%. 
Each of these 5 was complicated by infeetion, and it is highly 
probable that the toxic cytoplasmic changes in the neutrophils was 
due to the infection rather than to the neoplasm. In each case 
the degree of the changes paralleled the intensity of the infection. 
As mentioned before, 3 cases were fatal, but the degenerative index 
could not be used as a measure of prognosis in these cases. Barta 
has found toxic changes in cases of uncomplicated malignancy. 
We have not been able to confirm his finding. 


PaticnI. 

Aro. 

Total leukocyte 
count, thousands 
per c.mm. 

Percentage range of degenerative 
index; diagnosis. 

M. K.* . 

. . GO 

09.0-59.7 

72-87 

Carcinoma of stomach tvitli 

P. B.* . 

. . 50 

18.C-LS.0 

0 

metastasis; huge rectal ai\d 
pararectal abscess. 
Carcinoma of stomach and 

S. S.* 

. . 49 

5.0 

44 

• pancreas. 

Carcinoma of colon; wound 

S. T.'. . 

. . 54 

14.2 

0 

infection and necrosis. 
Carcinoma of stomach with 

R. K. . 

. . 28 

0.5 

0 

metastasis. 

Carcinoma of bronchus. 

H. S. 

. . 45 

17.3 

30 

Carcinoma of breast; mas- 

A. S. . . 

. . 48 

13 9 

50 

sive wound infection with 
necrosis. 

Spongioblastoma of brain; 

S. T. . . 

. . 07 

12.5 

0 

suppurative pansinusitis. 
Carcinoma of stomach. 

J. M. 

. . 50 

18 0-7.8 

35-0 

Abdominal carcinomatosis. 

R. Z. 

. . 40 

17.3 

0 

Non-malignant ovarian cyst. 

F. C. . 

. . 58 

10 5 

0 

Hodgkin’s disease. 


* Died. 

Cardiovascular Disease. This series was taken as a control group. 
Most of these cases had non-infectious degenerative lesions of the 
cardiovascular system. They are compared with our groups of 
infectious diseases. Most of them were very ill; many were in 
critical condition. The acute rheumatic types were clinically active. 
Yet none manifested any toxic cytoplasmic neutrophil alterations. 
One case of coronary tlnombosis yielded a degenerative index of 
30%, but it was found to be due to an apical pneumonia complicat- 
ing the picture. Hence, we can definitely state, no matter how ill 
the cardiac patient, one should not expect to find toxic changes 
unless secondary infection is superimposed. 


Patient 

Age. 

Total leukocyte 
count, thousands 

Percentage range of degenerative 

per c.min. 

index; diagnosis. 

A. A.* 

. . 50 

13.2 

0 Hypertensive C. V, disease 

H. F.* . 

. . 05 

12.8 

with decompensation. 

0 Hypertensive C. V. disease 




with decompensation. 
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Ako. 

ToLil loiitocylc 
count, tliousaiiclf. 


I’eroL'iilnuc riuiw of tlo^i'iiuriilivo 

B. L.* 

. . 50 

jjer c.inin. 

17.5 

0 

Luetic C. V, disease with 

R. W.* 

. . 70 

28. 4 

0 

docomponsation. 
Arteriosclerotic G. V. disease 

H. L. . 

. 59 

19.3 

0 

■with decompensation. , 
Luetic C. V. disease with hy- 

E. AV.* 

. 00 

12.8 

0 

pertension. 

Hypertensive C. V. disease 

E. C. . . 

7.3 

20.7 

0 

with decompensation. 
Arteriosclerotic C. V. disease 

R. M. . 

. , GS 

1C. 5 

0 

nith cerebral thrombosis. 
Arteriosclerotic G. V. disease. 

B. P. 

. 24 

13.2 

0 

Rheumatic endocarditis. 

D. M. 

GO 

14.9 

30 

Goronary thrombosis; apical 

S. B. , . 

59 

13,9 

0 

pneumonia. 

Coronarj' thrombosis. 

J. B. . 

47 

19.2 

0 

Hypertensive C. A'', disease. 

J. G. 

19 

17.6 

0 

Rheumatic endocarditis. 

R. R. . 

.37 

15.4 

0 

Rheumatic pancarditis. 

J. Z. 

32 

17 7 

0 

Rheumatic pancarditis with 

G. K. . 

- 

16.2 

0 

irolyarthritis. 

Recurrent rheumatic cndo- 


Pregnancy. Fifteen cases of pregnancy were studied. Many 
observers ba^'e reported toxic cytoplasmic changes in ruptured 
ectopic gestation and account for it by absorption. Whatever tlie 
explanation, our 2 cases also demonstrated this finding. Of the 7 
with normal pregnancies, deliveries and puerpera, none showed any 
degenerative cytoplasmic alterations. The other G cases showed 
toxic cytoplasmic changes in the neutrophils, of which 5 could be 
attributed to septic complications in the puerperium. One case 
with a degenerative index of 31% manifested no coinplication and 
we Avere unable to explain it. 

Therefore, we would conclude that in normal pregnancy without 
morbidity no toxic alterations in the neutrophils should occur. 
Their presence means definite complication by infection. 


Patient. 

Arc. 

Total leukocyte 
count, thousands 
per c.nim. 

Percentace raujie of deRpnorativc 
index; diagnosis. 

M. M. 

. 25 

27.0-10.2 

70- 9 

Ruptured ectopic gestation. 

E. McG. 

27 

19.9- 9.3 

31- 0 

Ruptured ectopic gestation. 

P. R. 

32 

7.8 

0 

Normal pregnancy. 

G. Z. . 

19 

13.3 

0 

Normal pregnancy... 

s. .s. . 

21 

iO.9 

0 

Normal pregnancy. 

F. D. . 

20 

10.6 

0 

Normal pregnancy. 

A. S. . 

22 

1G.2 

0 

Normal ttregnancj'. 

F. B. . 

28 

26.0 

0 

Normal pregnancy. 

A. S. . . 

33 

17.4 

0 

Normal itregnancy. 

R. S. 

25 

29.5-14.9 

69-11 

Puerperal infection. 

M. M. 

27 

25.8-14.7 

23-59 

Puerperal infection. 

L. S. . . 

28 

19.4-12.2 

25-75 

Puerperal infection. 

R, Z. . . 

31 

22.0-11.2 

40-05 

Puerperal infection. 

M.P. . . 

24 

20.0-12.4 

31-38 

Puerperal infection. 

D. F. . . 

. 24 

19.3-12.7 

C-31 

Normal pregnancy. 
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Arthritis. Search for toxic cytoplasmic changes in the neutrophils 
in various forms of arthritis proved vain. Regardless of the inten- 
sity of the illness these changes are absent. The only instance in 
which they may be found is when a positive blood culture is present 
in the infectious, rheumatic or gonorrheal types. 


Total leukocyte 

count, thousands PercentaEO range of degen- 

Patient. Age. per c.inm. crative index; diagnosis. 

D. S 49 25.0 0 Polyarthritis. 

R. W 2.3 23.3 0 Gonorrheal arthritis. 

R. McK 5 17.9 0 Suppurative arthritis. 

S. S .39 16.9 0 Infectious arthritis. 

J. Z 32 17.7 0 Rheumatic arthritis. 


Renal Disease. Toxic cytoplasmic changes are not found in the 
neutrophils in nephritis either of the degenerative or inflammatory 
types— even fatal cases present no such findings. 


Putient. 

Age. 

Total leukocyte 
count, thousands 
per c.mm. 


I’crccutagG range of degenerative 
index; diagnosis. 

r. R.* . . 

. 54 

S.6 

0 

Chronic diffuse glomerular 
nephritis with hypertension. 

E. E. 

. 26 

8.8 

0 

Acute diffuse glomerular neph- 
ritis. 

J. J. . . . 

. . 5 

13.7 

0 

Eocal hemorrhagic nephritis. 

I. P. . . . 

* Died. 

. . 4 

13.9 

0 

Eocal hemorrhagic nephritis. 

• 1 1 ft 


Miscellaneous. This series represents a miscellaneous group of 
cases non-infectious in origin all of which presented no toxic cyto- 
plasmic changes in the peripheral neutrophils unless complicated by 
infection. It is of value as an additional control for comparative 


purposes. 


Patient. 

Age. 

Total leukocyte 
count, thousands 
per c.mm. 

Percentage range of degenerative 
index; diagnosis. 

D. P,* . . 

3 

14.3 

0 

Hydrocephalus. 

M. K. . . 

. 40 

17.5 

0 

Bronchial asthma. 

L. S. . , 

. 57 

16.6 

0 

Bleeding peptic ulcer. 

M. S. . . 

. 24 

20.2 

0 

Strangulated hernia. 

H. R. . , 

. 65 

12.8 

0 

Hemorrhoids. 

A. V. . . 

. 60 

15.9 

0 

Hypertrophied prostate. 

M. R. . . 

. 51 

19.4 

0 

Fissure in ano. 

W. P. 

. 16 

12.4 

0 

Fracture. 

0. R. . . 

. 28 

12,0 

0 

Pilonidal cyst. 

R. E. . , 

. 31 

6.2 

0 

Typhoid fever. 

M. G. . . 

. 62 

19.4 

0 

Diabetes with gangrene. 

E. S. . . 

. 65 

18.3-15.7 

42 

Hypertrophied jrrostate; 

H. S. . . 

. 54 

19.2 

0 

abscess of leg. 

Acute leukemia. 


* Died. 

Summary. The subject of toxic cytoplasmic alterations in periph- 
eral neutrophils is presented with a discussion of the conditions in 
which these changes occur and those in which they are not found. 
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These findings have been shown to be of value diagnostically. 
They are most uniformly found in infections, and proliably tlieir 
greatest value lies in differentiating localized ' from generalized 
infections or the development of complications, whether this be a- 
secondary infection or a spread of the initial infection. These 
changes are most uniformly found in pneumonia, peritonitis, bac- 
teriemias and septicemias. The addition of toxic c3i:oplasmic 
changes in the neutrophils to the hemogram in which thej’- were 
previouslj^ absent should warn the attending plij^sician of an added 
complication. 

From a prognostic viewjroint, an increasing degenerative index 
lends increasing gravity to the outcome. 

The addition of this examination as a routine to the hemogram 
is of clinical value, often gives more information than the total 
leukocyte count and if followed serially is often more informative 
than the Arneth-Schilling shift. 

No hemogram in infection or in serious disease states is complete 
without the determination of toxic c.vtoplasmic changes and their 
recording in some quantitative scheme, sueh as llosenthal’s “degen- 
erative index.” 
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MECHANISMS OF CARDIAC RHYTHM. 

Illustrated by Unusual Human Electrocardiograms. 

By Morris Goodman, M.D., 

ASSISTANT CLINICAL mOFESSOK OP MEDICINE, NEW YORK UNIVERSITY, 

NEW YORK. 

(From the Department of Therapeutics, New York University Medical College and 
the Third (New York University) Medical Division of Bellevue Hospital.) 

The purpose of this paper is to present unusual electrocardio- 
grams, which elucidate the generally accepted principles of cardiac 
rhythm. Lewis^ has stated as a law "that if several heart centers 
are simultaneously active, the heart as a whole will be dominated by 
the center which develops its rhythmic impulse most rapidly.” 
This is true if the reservation is made that conduction both forward 
and retrograde is unimpaired. 

In the normal mechanism, the heart is controlled by the sino- 
auricular node because its rate of impulse formation exceeds that 
of the lower rhythm centers, namely, the auriculoventricular node 
and idioventricular centers. When the conducting mechanism is 
such that conduction forward (auricle to ventricle) and retrograde 
(ventricle to auricle) is unimpaired, sino-auricular control can be 
replaced by artificial stimuli, provided the rate of these stimuli ex- 
ceeds that of the sinus node.^ The excitation wave will spread from 
the site of stimulation through auricles and ventricles, and the entire 
heart will respond to the new center. When the auricle is stimu- 
lated the normal sequence of contraction continues. When the 
ventricle is stimulated, the sequence is reversed; the ventricle con- 
tracts before the auricle and the impulse is conducted backward. 

The mechanism of cardiac rhythm is modified by variations in the 
state of conduction between auricle and ventricle. Four possible 
.states may be considered; (1) The conducting tissue may transmit 
impulses in either direction (forward and retrograde conduction 
equal) ; (2) the conducting tissue may convey impulses from auricle 
to ventricle only (unidhectional block^) ; (3) only retrograde impulses 
are transmitted; (4) both forward and retrograde conduction may be 
impaired or blocked (complete heart block). 

The rhythms and spread of excitation when forward and retro- 
grade conduction are equal has already been considered. In the 
second condition, unidirectional (retrograde) block, impulses origi- 
nating in the auricle will reach the ventricle; but none beginning in 
the ventricle Avill be conducted to the auricle. The normal sequence 
of the cardiac cycle continue provided the auricular center is the 
most rapid. Should the rate of a ventricular center exceed that of 
• the auricle, however, the two chambers will beat independently. 
The rapid ventricular stimuli control the ventricle because they 
submerge the slower impulses conducted from the auricle. Im- 
paired retrograde conduction blocks the rapid impulses from the 



65S 


GOODjrAN: MECIUNISarS OP CARDIAC RHYTHM 


ventricle and the auricle responds independently to the rhythm 
of its own slower pacemaker. The ventricular rate in such a case 
exceeds the aimcular. ' 

The third possibility, forward block® alone is a rare condition. 
It is the reverse of the preceding mechanism. Here rhj'thm control 
of the entire heart is possible when the most rapid center is in the 
ventricle and dissociation exists when the auricular center exceeds the 
^'entricular center. 

In the fourth condition, Ave haA'e the common clinical entitj'- of 
complete heart block. The rhythm and rate of each chamber may 
be sloAA' or rapid. The auricular rhj'thm may A^ary as AAudely as that 
of a sinus bradycardia to that of auricular fibrillation. The A^en- 
tricular rate may A’^ary from the usual slow rate of the idioA'^entricular 
center to that of paroxj'smal A>'entricular tachycardia or A’'entricular 
fibrillation. Usuallj'^ tlie auricles beat more rapidlj'' than the A’^en- 
tricles; but in rare instances this relationship may be reA’^ersed. 

The above principles of the cardiac mechanisms limit the number 
of possible rhj'thms as follows : 

I. Unidirectional Block (Retrograde); This is probabi}' the normal 

state of conducting tissue. 

A. Most rapid center in auricle. 

1. Normal sinus rhj'thm. 

2. A-V nodal rhj'thm. 

(a) Escaped beat 1 „„ . i i j 

(b) Escaped rliythm/^^^‘®“ depressed. 

(c) Premature beat 1 lyheu A-V nodal center is stim- 

(d) Nodal tachj'cardia / ulated. 

3. Ectopic auricular rhj^hm. 

(a) Premature auricular contraction. 

(b) Auricular ectopic tacbjmardia. 

4. Auricular flutter. 

5. Auricular fibrillation. 

B. Most rapid center in ventricle — Ventricle alone responds; auricle 

responds to its omi center. 

1. Isolated escaped A'entricular beat 1 Vflien sinus node is 

2. Escaped A^entricular rhj'thm / depressed. 

3. Premature A'entricular contraction 

4. A’'entricular tachj'cardia 

5. A’'entricular fibrillation 

6. Parasj'stole. 

II. Bidirectional Conduction— ForwjVrd and Retrograde: (Rare). 

A. Most rapid center in auricle~The rhjTluns are the same as Ia. 

B. Most rapid center in aeninc/e— Entire heart responds and 

sequence of contraction is reversed. The rhj'thms are same as 

Ib. Parasj'stoles of auricular origin cannot occur. 

III. Complete Heart Block — Both chambers are alwaj's independent. 

A. Auricular rhj'’thras — as under Ia. 

B. A'entricular rhj'thms. 

1. Idioventricul.ar rhythm (origin abo\'e bifurcation of bundle 

tissue). 

2. Ectopic ventricular rhythm (origin below bifurcation of 

bundle tissue). 

3. A’^entricular tachj'cardia. 

4. A’^entricular fibrillation. 


A\’lien ectopic center is 
stimulated. 
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IV. Unidirectional Block— F oHWAiiD— (Very rare). 

A. Mod rapid center in auricle— Amide alone re-sponda; ventricle 

responda to its own center— Rhythms are the same as Ia. 

B. Most rapid center in ventricle— Both chambers respond— Se- 

quence of contraction reversed — Rhythms are the same as IIIb. 

In the extensive literature on arrhythmias, the material appears 
in the main as individual case reports illustrating one or other of 
these mechanisriis. Lewis® includes examples of the great majority 
of the possible mechanisms, some of which were obtained experi- 
mentally on animals. He does not treat them collectively but dis- 
cusses each as it serves to illustrate one or other phase of the sub- 
ject. It seemed useful therefore to review the subject of arrhythmias 
using clinical electrocardiograms only. 



Fig. I. — Normal sinus rhythm. 


To facilitate in the discussion of the electrocardiograms a uniform 
graphic illustration of the mechanism is included under each figure. 
The general scheme is shown in Figure 1 which diagrammatically 
illustrates the mechanism in normal sinus rhythm. Lines 1, 2, and 3, 
represent impulse formation in the three rhythmic centers— the sino- 
auricular, auriculoventricular and ventricular centers respectively. 
It is assumed that the three centers are building stimuli simultane- 
ously.^ Horizontal lines A, B, and C, represent the height to which 
these impulses must be raised before they attain effectiveness. The 
sinoauricular node is represented as developing stimuli most rapidly. 
The auricular response is represented by the solid upper rectangle 
(n.a.r.). The line D, joining the two rectangles represents the dura- 
tion of excitation in the auricle and of conduction to the ventricle.* 

* This is not entirely true to fact insofar as the string does not deflect until a 
sufficient mass of muscle has been activated. 
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The lower rectangle (n.v.r.) represents a normal ventricular response. 
As the excitation wa%'e spreads over the two lower centers it dis- 
charges the impulses forming in them before they have reached 
effecti^'eness.^ The width of the rectangle represents the refractory 
period. In succeeding electrocardiograms impulse formation in an 
ectopic center will be represented by an ascending broken line. 
Ectopic auricular and ventricular responses will be shown by hori- 
zontal bars below the second (e.a.r.) and lowest lines (e.v.r.) respec- 
tively. 

The illustrations that follow will be presented along the plan of 
the outline. Figmes 2 to 10 show rhythms occm-ring when the con- 
ducting tissue is normal and is capable of transmitting impulses 
from auricle to venti'icle, but not from ventricle to auricle. (Uni- 
directional retrograde block), Group I. 

Figure 2 illustrates isolated A-V nodal escape —Avlien the sinus 
is depressed by pressure o\'er the eyeball. (In the Table 1 A 2a). 
^Yhen the sinus node is sufficiently slowed, as occurs after the second 
cycle, a complex arising from an A-V nodal center appears. No 
inverted auricular complexes are seen and it must be assumed that 
the impulse is not conducted from tlie lower center and that retro- 
grade conduction is blocked. There is a long period of cardiac 
standstill. This would indicate that the A-F node as well as the 
iS-.l node were depressed— but that the A-V node recovered first. 
Another intrepretation might be that the S-A node alone was 
depressed and that the gradual quickening of the A-V nodal rhythm 
represents “rhythm of de\'elopment.”'‘ Toward the end of the 
figure the sinus node recovers from vagus influence and resumes 
cardiac control. 

Figure .3 illustrates escape of an ectopic ventricular center 
(Group In 1.) The isolated ectopic ventricular beats shown are 
not succeeded by an abnormal ’auricular complex indicating that 
the impulses from the ventricle are not conducted backward. The 
\’entricular complex is abnormal and appears consistently whenever 
the S-.l node is slowed to a cycle length of 1.3 seconds. This was 
true for a long strip of electrocardiogram in which many escaped 
beats appeared. It is of interest to point out that the R-R intervals 
preceding ectopic beats are always equal. This seems to indicate 
that the slow ectopic center is continuousl 5 ’’ active but is submerged 
by the slightly more rapid amlcular pacemaker. When the latter 
slows sufficiently the submerged center develops an effective stimu- 
lus and escapes from auricular control. Here as in the previous 
example the depressant factor seems to act only or predominantly 
upon the sinus node— allowing for escape of lower centers. 

The preceding electrocardiograms are examples of isolated 
escaped beats of a lower center when the sinus is depressed. This 
mechanism is considerably less common than that in which the 
rate of the sinus remains unchanged while a dormant rapid center 
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is' stimulated to activity. Premature contractions and the various 
tachycardias are familiar examples. Most common are the rhythms 
originating in the auricle— auricular premature contractions, and 
the various auricular tachycardias. These are too familiar to need 
repetition. One interesting case of this type will be shown because 
the electrocardiogram shows a transition from one rhythm to 
another. 

Figiu’e 4 illustrates dormant flutter rhythm spontaneously 
stimulated to activity (Group 1a 4). The transition appears in 
Lead II. This case is included in the group of unidirectional retro- 
grade block because of the following reasons: The flutter cycle 
lengths are 0.21 second. This would indicate that the auricular 
refractory period is equal to or less than 0.21 second. During 
sinus rhythm the P-T? interval is 0.24 second. Ventricular excita- 
tion begins, therefore, 0.03 second after the auricle has passed out 
of its refractory period. 



Fig. 5. — Premature ventricular contraction (interpolated). 

If the ventricular impulse were conducted to the auricle it would 
reenter that chamber after its refractory period and elicit an auricu- 
lar response— “reciprocal beat.”® To explain the absence of retro- 
grade auricular response it must be assumed that the impulses are 
blocked and that retrograde conduction is impaired. 

Rapid dormant centers of the ventricle are rarely stimulated to 
continuous activity though they frequently dominate i.solated 
cardiac cycles— premature ventricular contractions are familiar 
examples, and need no illustrations. It is worth pointing out, how- 
ever, that when a ventricular premature beat appears it is extremely 
rare, to see it followed by a retrograde auricular response. This is 
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not because the retrograde impulse reaches a refractory auricle, 
for when a premature A^entricular contraction appears A^eiy early 
in diastole, such as occurs AAdien the beat is interpolated, the amide 
still continues to respond to its own center, liiis indicates that 
normallj^ retrograde conduction is impaired. Figure 5 shows an 
interpolated ventricular premature contraction and demonstrates 
that phenomenon. Prematiu’e ventricular excitation occiu’s when 
the auricle is out of its refractory phase— Imt no retrograde auricular 
response follows. It must be assumed that the ventricular impulses 
are blocked and the retrograde conduction is impaired. This arrhy- 
thmia fits into Gi’oup Ib 3. 

Figures 6 to 9 are rare arrhythmias— showing continuous activity 
of low rapid centers. 

In all of these the conducting mechanism fits into the classifica- 
tion of unidirectional block with retrograde conduction impaired 
(Group I). 



Fig. 6.— Independent rhythm with retrograde block. Auricle controlled by sinus 
node; ventricle controlled by A~V node. 


Figure 6 is a paroxysm of rapid rhythm, either of the A-V nodal or 
idioventricular centers (Group Ia 2d). The auricles and A'entricles 
are controlled by independent centers, the auricle by the sinus node, 
the ventricle by the lower center. This type of arrhythmia has ap- 
peared in the literature as complete heart block.® This is a mistaken 
interpretation because the conducting mechanism is normal. It will 
be noted that the A^entricular rate is slightly higher than theauricular, 
the ventricular cycle length is 0.66, and the auricular cycle length is 
0.70 second. The eAudence against complete heart block and in faAmr 
of normal auriculoA>-entricular conduction is rcA’-ealed by complex 7. 
This complex is in response to a supraA^entricular impulse and ap- 
pears as a prematiu'e beat succeeding an auricular complex Avhich 
superimposes the 7’ AA"aA’'e. In the entire curA'e AA^iereA'^er this rela- 
tionship of P and 2’ existed the succeeding A^entricular complex 
Avas premature (parasystole).® This premature beat represents a 
resjionse to a normally conducted sinus stimulus AAdiich reached 
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the ventricle after it had passed out of its refractory state. Suc- 
ceeding sinus impulses, however, are anticipated by those from the 
more rapid A-V node which again takes up the rhythm of the 
ventricle. This continues until another sinus stimulus opportunely 
placed elicits a ventricular response. The two independent rhythms 
continue with periodic sinus control of both chambers. This can 
be possible only if conduction from auricle to ventricle is intact and 
retrograde conduction impaired. 

Figure 7 is another example of the same mechanism and illus- 
trates the conditions in most of the ventricular tachycardias (Group 
Ib 4). The center controlling the ventricle is below the bifurcation 
of the conducting tissue. It displaces the slower impulses from the 
o auricle and controls the ventricle. The rapid impulses are not 
conducted backward to the auricle which continues to respond to 
the slower sinus node. It will be noted that after the second and 



Fig. 7.— Ventricular rhythm wuth retrograde block. 


possibly also after the third ectopic beat a retrograde impulse would 
have reached the auricle considerably after its excitation phase and 
most probably after its refractory period. It is difficult to explain 
the absence of a retrograde auricular response on the basis that 
the retrograde impulse falls on a refractory auricle. One must 
rely on the explanation that the ventricular impulses are not con- 
dueted to the auricle and that retrograde block exists. 

Arrhythmias of the same type are illustrated in Figs. 8 and 9. 
The former was produced by pressure' over the precordium.^ That 
m Fig 8 occurred spontaneously. They are present as additional 
examples of Group Ib 4 because of their unusual interest. In both 
arrhythmias sinus control of the ventricle is replaced by a more 
rapid center probably very near the bifurcation of the His bnndle. 

hese impulses are not conducted to the auricle and the sinus retains 
control of that chamber. 
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Fig. 8. — Independent rhythm with unidirectional block. 
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In these tracings, as in Fig 6, Avhen an auricular impulse is so 
placed that it reaches the ventricle after its refractory phase and 
before the ectopic center has had time to develop an effective impulse 
the ventricle responds to the sinus node. This occurs wherever an 
auricular complex is superimposed on a T wave. The succeeding 
ventrieular response is premature and a parasystole appears. This 
and the following ventricular complexes are the result of supra- 
ventricular stimulations. The third ^sinus impulse, however, is 
anticipated by a stimulus from the more rapid ectopic center and 
falls upon a refractory ventricle. The auricular- rhythm continues 



Fig. 9. — Transition from independent rhythm -with unidirectional block to sinus 

rhythm. 


undisturbed; the ventricular rhythm is periodically interrupted by 
premature beats (parasystoles). In Lead III of Fig. 8 the sinus 
regains control of the whole heart when its rate of stimulus produc- 
tion spontaneously increases to exceed the lower center. When the 
ectopic center dominates the ventricle the ventricular rate is 83 
per minute, the auricular rate is 79. After the fourth ventricular 
complex the sinus node spontaneously accelerates to 86 per minute 
and regains control of the entire heart. 

Figures 10 to 13 are illustrations in which the conducting tissue 
transmits impulses in either direction (Group II). Examples of 
that mechanism are rare but are not infrequently seen in cases 
where the dominating center is above the bifurcation of the bundle 
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Fia. H. — Ventricular tachycardia with retrograde conduction. 
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tissue. Such rhythms probably have their origin in the A-V node 
and the auricular response is in effect due to aberrant excitation 
from an abnormal auricular focus, rather than to a retrograde 
ventricular impulse. It is extremely rare to see examples in which 
the center of cardiac control is below the division of the bundle of 
His. 

Figure 10 shows a^paroxysm of low nodal rhythm (Group 11 A 2d). 
The center dominates the entire heart, its impulses spreading 
downward to the ventricle and upward to the auricle. The sequence 
of contraction is reversed — the auricular complex appears upon and 
after the down stroke of the R wave. A-V nodal rhythm at a rate 
of 79 per minute continues through the 6th complex. At that point 
the sinus node accelerates its own rate to 86 per minute, regaining 
cardiac control. This, and the previous figure, illustrate that the 
most rapid center is dominant in the cardiac chamber in which it 
exists. It will control the entire heart if its impulses are conducted 
to the other chamber. 

Figure 11 is an unusual example of complete cardiac control 
by a rapid ectopic ventricular center (Group IIb 4). Apparently 
retrograde conduction is unimpaired and equal to or closely equal 
to forward conduction. This is evidenced by the faet that the 
P-R and R-P intervals differ by 0.02 second. Impulses from the 
ventricle spread upward and replace the slower sinus node. The 
retrograde auricular response does not appear in the first two ectopic 
ventricular complexes because the retrograde impulse finds the 
auricle refractory. 

Figure 12 is another very rare illustration of retrograde conduc- 
tion and rhythm control by a lower ectopic center (Group in He 2). 
Here, however, ventricular control is affected by the depression of the 
sinoauricular node in a phasic arrhythmia, allowing for escape of a 
comparatively slow ectopic center. Occasionally the ventricle is 
stimulated simultaneously by an impulse from the auricle and by 
one from the ectopic center. When that occurs a "transition”^ 
complex appears. Such is the interpretation given the last aberrant 
complex. When the rate of stimulus production in the sinus speeds 
up, as occurs at the end of the paroxysm, control of the rhythm 
reverts to the natural pacemaker. The interplaj'- of these two 
centers continued over a long tracing in which one or the other 
gained control depending upon the rate at which the sinoauricular 
node builds up its impulses. Impulse formation in the ectopic 
center remained constant, cycle length 0.86 second, whereas the 
sinus cycle length varied between 0.75 and 0.96 second. The in- 
verted deflections terminating aberrant R 2-6 are interpreted as 
retrograde auricular complexes. Where they fail to aiqiear at the 
beginning and end of the paroxysm they do so because the auricle 
has responded to the sinus and is refractory to the retrograde 
impulses from the ventricle. 
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Fig. 13. — Escaped nodal and ventricular rhythm with retrograde conduction. 
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There is tlie possibility that these inverted complexes are retro- 
grade from the node and not from the ventricle. If such is the 
mechanism the tracing illustrates independent rhythms in which 
the auricle is responding to the A-V node and the ventricle to an 
ectopic center. Figure 13 seems to support that interpretation. 
It is another paroxysm in the same patient. The first two ventricu- 
lar complexes are of sinus origin; complexes 3 to 6 are of nodal and 
7 is transitional. These are followed by a paroxysm of ectopic 
rhythm. The 3d and 4th auricular complexes are probably also 
transitional representing a response to impulses from the and 
A-V nodes. It will be noted that the auricular complexes gradually 
shift from a position in front of the ventricular complex to one 
following and again to appear in its natural sequence when the sinus 
regains control. The absence of fixed relationship to the abnormal 
ventricular complex suggests that the auricle is beating independ- 
ently. Another point which favors that interpretation is the fact 
that the P~R interval of the normal cycle exceeds the R-P interval 
of the ectopic cycle. One would have to assume the unlikely pos- 
sibility that retrograde conduction is more rapid than forward. 
The fact that the aimicular complexes are abnormal and at times 
inverted favors the A-V node as the pacemaker of the upper cham- 
ber. The manner in which the abnormal P waves shift into and 
then follow the Q-R-S complexes suggest the possibility that the 
site of impulse initiation in the node may be at several levels.® 

In this tracing the depressor effect in a sinus arrhythmia is felt 
first by the sinoauricular node. When the latter is sufficiently 
slowed the A-V node escapes. Finally an ectopic ventricular 
center takes up the rhythm. It is not clear why the ventricular 
center did not submerge the A-V node from the start for the rate 
of the former is slightly higher. A possible explanation may be 
that the rapid auricular impulses not only submerges but depresses 
the ventricular center."* As the supraventricular imfjulses decrease 
in frequency the ventricular center accelerates iU own rhythm 
until it escapes from supraventricular control. * 

In complete heart block (Group III) the chambers are independ- 
ent and each has its own center of impulse formation. In the usual 
examples the sinus node controls the auricle and a center of slow 
rate situated above or below the bifurcation of the His bundle 
controls the ventricle. Ectopic centers may replace' these and the 
usual relationship of auricular and ventricular rates may be reversed. 
Levine and Matton“ published a remarkable case in Which the ven- 
tricular rhythm either was or closely bordered uppn ventricular 
fibrillation. In a case of complete heart block published by Kerr 
and Bender** both auricles and ventricles are fibrillating. 

Figure 14 is an example of complete heart block in which the 
auricle is fibrillating and the ventricle is responding to its own 
rhythmic center, Group IIIaS b2. Two reasons are offered for the 
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iiiterjR’etation here of coinjjlete heart block. First is the regularity 
of the ^'entricle cycle lengths which are 1 .02 second. The second 
is the effect of a premature beat on this regularity. It will be ob- 
served that the interval succeeding the preinatiu-e beat is exactly 
equal to the interval between two regular ventricular complexes. 
Such premature beats appeared frequently and in eacli. instance the 
succeeding interval measured 1.02 second. This relationship is 
evidence against auricular control of the ventricle, for if the latter 
were the case, premature contractions of the ventricle could not 
interfere' with the impulses from the fibrillating auricle except for 
the short period of refractoriness, and the succeeding intervals 
would vary dependent only upon the arrival of an effective auricular 
stimulus. Thus complete heart block best explains the mechanism 
in this tracing. The am-icle is responding to a circus movement and 
the ventricle to an independent ventricular center which emits 
stimuli at regular intervals. When a premature extraneous impulse 
spreads through the ventricle it discharges the stimulus forming in 
the regular center and the latter must initiate a new impulse. The 
rate at which it develops impulses remaining constant it follows 
that the cycle length succeeding a prematm-e contraction should be 
equal to that between two regular complexes. 

Summary. Human electrocardiograms are described which illus- 
trate the mechanism of the control of cardiac rhythm . They support 
the theory that the heart responds to the rhythm center which 
develops effective stimuli most rapidly. It is shown that a submerged . 
slower center can gain control when its rate in relation to the others 
changes so that it becomes the most rapid. This is effected either by 
stimulation of the submerged center or depression of the dominat- 
ing center. 

The effect of the state of conduction on cardiac rhythm is shown 
and discussed. 

Evidence for simultaneous activity of several centers is illustrated. 

The following rare clinical examples of cardiac arrhythmia are 
shown: 

1. Escape of an ectopic ventricular beat. 

2. Escape of slow ventricular ectopic rhythm. 

3. Transition from nodal rhythm to sinoauricular rhythm. 

4. Transition from ectopic ventricular rhythm to sinus rhythm. 

5. Transition from sinus rhythm to auricular flutter. 

6. Retrograde conduction. 

7. Unidirectional block. 

8. Parasystole. 

9. Complete heart block with auricular fibrillation. 
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In a study of the electrocardiogram in patients with obesity^ it 
AA’^as observed that left axis detdation in the presence of an erect 
T AvaA'-e in Lead III aa^rs generally found in patients AA'ith objective 
evidence of heart disease. When the T AAwe in Lead III AV'as 
inA’-erted tlie left axis deviation was found usually to be due simply 
to a change in the position of the heart. A further analysis of the 
significance of A’^arious associated features in the presence of left 
axis deviation indicated that in addition to the erect T aaw'b in 
Lead III, a relatively low T wvive in Lead I and a deep 8 AA'aA^e in 
Lead II also AA'ere frequently found in the presence of heart disease.-'* 
In the present study, an attempt is made further to establish the 
clinical significance of these findings associated Avith left axis 
deviation. 

One hundred and thirty-six electrocardiograms Avith left axis 


* This study was made possible by a grant from the Bingham Associates Fund. 
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deviation were analyzed. In all cases the electrical angle calculated 
from the electrocardiogram, according to Einthoven, was less than 
20 degrees. 

Those patients were considered to have normal hearts in whom 
there was no clinical or roentgenologic evidence of heart disease and 
in whom the blood pressure was normal. The abnormal clinical 
cases Avere those in Avhich there was either definite roentgenologic 
evidence of cardiac enlargement, a persistent elevation of the sys- 
tolic blood pressure over 170 mm. Hg, or both. In the few ques- 
tionable-cases tlie systolic blood pressure was between 150 arid 
170 mm. Hg, Avith or Avithout probable slight cardiac enlargement. 

The attempt Avas chiefly to determine the significance of the 
presence or absence of the folloAving; A low erect T wave in Lead I, 
the T AvaA'^e being less than one-seventh of the amplitude of the 
li AA'aA'-e, an S waA'-e in Lead II of at least one-half the amplitude of 
the R AvaAm and an erect T Avave in Lead III. Those cases Avere 
regarded as simple left axis dcAuation in Avhich none of these findings 
Avere associated. Others Avere classified according to Avhether they 
shoAved one, tAvo or all of the above signs. Aside from the left 
axis deviation and the findings aboA'^e referred to, Avhich in them- 
selves are not indicative of heart disease, the electrocardiograms 
shoAved no abnormalities. 



Fig. I. Left axis de\’iation of the type associated simply with change in the 
position of the heart. Note the relatively high T wave in Le.ad I, the absence of an 
S wave in Lead II and the inverted T wave in Load III. 

Results. Left Axis Deviation If ithNo Significant Changes (Fig. 1), 
There Avere 24 cases of left axis deviation in Avhich the' T Avave in 
Lead I Avas erect and prominent, the 2’ Avave in Lead III inverted 
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and the 8 wave in Lead II either absent or insignificant. In these 
24 cases there was definite evidence of heart disease in only 2 and 
questionable evidence in 2. 

In an evaluation of electrocardiograms from material such as we 
are analyzing, it is obvious that in a certain percentage of cases in 
which the electrocardiograms are entirely normal, there Avill be 
definite cardiac disease— first because most of the patients on whom 
electrocardiograms are obtained either have or are suspected of 
having heart disease and second because not infrequently even 
in the presence of advanced cardiac disease the electrocardiogram 
may be normal. The incidence of cases in which there was objec- 
tive evidence of heart disease in the presence of a normal electro- 
cardiogram was found to be 38% in 100 consecutive cases. In 
other words, slightly more than one-third of our normal electro- 
cardiograms are found in patients with heart disease. 

On the other hand, in only 17% (4 out of 24) of the cases of 
what we considered simple or insignificant left axis deviation was 
there evidence of heart disease. This unusually low incidence is 
due to the fact that a large number of these electrocardiograms were 
taken in cases of simple obesity. In the non-obese cases the inci- 
dence of cardiovascular abnormality in the presence of what is 
considered simple left axis deviation was 33%, which corresponds 
closely to the incidence of diseased hearts in the control series of 
normal electrocardiograms. 

Left Axi^ Deviation With Significant Change in Only One Lead. 
There were 38 cases of left axis deviation in which only one of tlie 
signs above referred to was present, with definite evidence of cardio- 
vascular disease in 27 (71%). In these 27 cases the significant 
change associated with the left axis deviation was a deep S wave 
in Lead II in 16 cases, an erect T wave in Lead III in 10 cases and 
a low T wave in Lead I in only 1 case. This 71% is contrasted 
with the 38% of normal electrocardiograms found in the presence 
of heart disease in the control group. 

In the remaining 11 of the 38 cases in this group, 7 had no evidence 
and 4 only questionable evidence of heart disease. Of tlie 7 patients 
with no evidence of heart disease, 4 had a deep 8 wave in Lead 11, 
and 3 in an erect T wave in Lead III; while of the 4 cases Avitli 
questionable evidence of heart disease, 3 showed a deep 8 wave in 
Lead II and 1 an erect T wave in Lead III. 

Left Axis Deviation With Significant Changes in Two Leads. There 
were 34 electrocardiograms showing left axis deviation in the pres- 
ence of significant changes in at least two leads. In 27 (79%) of 
these eases there were objective signs of cardiovascular damage. 
In these cases no one grouping of associated electrocardiographic 
changes was considerably more frequent than another. In 9 of 
these cases the changes were in the T waves in Leads I and III; 
in 10 cases the changes were in the 5 wave in Lead II and the T 
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wave in Lead III, and in 8 cases tlie changes were in the T wave 
in Lead I and the S Avave in Lead II. Of the 7 cases in this group 
in which the blood pressure and heart were normal the electro- 
cardiographic changes were found in the S Avave in Lead II and the 
T Avave in Lead III in 6, and in the T AvaAm in Lead I and S Avave 
in Lead II in the remaining case. 

Left Axis Deviation With Significant Changes in All Leads (Fig. 2). 
There were 40 cases of left axis dcAuation in AAdiich changes were 
obserA^ed in all leads. In 38 (95 %) there Avas obvious cardiovascular 
disease. This incidence of disease is sufficiently striking to warrant 
considering such electrocardiograms regularly as distinctly abnormal. 



It i 1 


Fig. 2. — Left axis deviation of the type generally associated -with myocardial 
disease. Note the relatively low T wave in Lead I, the prominent S wave in Lead II 
and the erect T wave in Lead III. 

Residts of FoUow-ii'p Studies. In 28 cases Ave Avere able to obtain 
two or more electrocardiographic records OA'^er periods varying from 
7 months to 4 years. Of these 28 cases, 22 had eAudence of heart dis- 
ease; 13 of the 22 showed progressh^e changes of one La^dc or another. 
There AA^as nothing in their clinical course to indicate that the 
progressive changes in the electrocardiograms might haAm been due 
to coronary occlusion nor could the changes be attributed to digitalis 
effect. In 6 of the 22 cases initial changes Avere present in all three 
leads. In all of these cases the T waAm in Lead I became .loAver 
(to the point of inA'crsion in 1 case), AA'hile in 5 of the cases the 
T Avave in Lead III became more posith’-e and in 1 the S AA^aA'^e in 
Lead II became deeper. In a study of progressive myocardial 
disease, Willius^ illustrates the dcA’^elopment of an inA^erted T waA’'e 
in Lead I in 9 months in a patient Avhose initial electrocardiogram, 
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considered “essentially normal,” showed left axis deviation with 
the changes in the three leads above described. 

In 7 cases in which there were initially a low T wave in Lead I 
and an erect T wa\’e in liCad III, the T wave in Lead III became 

-•1 



Fig. 3 yL— Left axis deviation with a rolutivcly low T wave in Lead, I and an eroet. 
T wave in Load III in tlie presence of hs'pertonsivo heart disease with ntodcratc car- , 
diac enlargement. 

B 



Fig. 'SB . — An clcctrocardioKram taken 10 months later on the same patient, 
showing the development of an iin-erted T wave in Lead I, a slight S wave in Load II 
and a more prominently erect T wave in Lead III. 
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more positive in 4 cases ^Yinlc the T Avave in Lead I became lower, 
in 1 case actually becoming negative (Fig. 3). In the remaining 
3 of these 7 the S wave in Lead II became deeper. Nine of the 22 
cases which had evidence of heart disease showed no change on 
successive electrocardiograms. Of these 9, 2 had initially what Ave 
termed “simple left axis deAuation;” 1 had only a deep S Avave in 
Lead II, 2 shoAA'ed changes in the T AvaA'^e in Lead I and the T Avave 
in Lead III, and 4 shoAved changes in all leads. 

In 6 of the total 28 cases in Avhich repeated electrocardiograms 
Avere observed there Avas no cAudence of heart disease nor Avere there 
any significant changes associated A\dth the left axis deviation. In 
these cases, OA^er a period of 3 to 4 years, no progressNe changes 
AA’ere obserA'^ed in the electrocardiograms. 

Discussion. In 1921, Herrmann and Wilson^ observed that Avdiile 
rotation of the heart produced in the P and T Avaves changes similar 
to those Avhich it produced in the Q-R-S AA^aA^es, ventricular prepon- 
derance did not affect P AA'aA'^es and its effect upon T waA'^es Avas uncer- 
tain. Cohn and Raisbeck® concluded similarly, in regard to the Q-R-S 
and T Avave relationship, that the form and direction of the 7’ AvaAm 
in preponderance curves of enlarged hearts did not change in so 
simple a manner on rotating leads on the chest Avail (thus simulating 
the change in position of the heart in the chest Avail) as Avas the 
case in a normal subject. They thought this Avas perhaps because 
the T- Avaves in the first place AA'ere not so prominently and in the 
second place not so simply formed. Bland and White^ noted that 
a total inA’’ersion of Lead III Avas usually associated simply with 
change in the position of the heart. While this is true of total 
inversion, it appears likeAvise to be true of inversion only of the 
Q-R-S and T Avaves.' 

There is, therefore, adequate evidence to indicate that when the 
Q-R-S and 2' AvaA^es behaA^e uniformly as the electrical axis changes, 
the change in axis is due simply to change in the position of the 
heart. This appears to be true not only of the Q-R-S-T AvaA'^e 
relationship in Lead III but in Lead I as Avell.^ 

In the presence of myocardial disease, hoAveA^er, there is a dis- 
turbance in the Q-R-S-T relationship manifested chiefly by a ten- 
dency for the T yvnye to assume a direction opposite to that of the 
initial ventricular complex.^-* Probably this is in some way asso- 
ciated Avith a disturbance in conduction of the ventricular muscle, 
a disturbance in the patliAvay of retreat. (The tendency of the 
initial and final ventricular phases to assume opposite directions 
in the presence of conduction disturbance in one of the bundle 
branches is associated Avith a spreading of the initial complex and is 
probably not directly related to the mechanism here referred to.) 
We should anticipate, therefore, in the presence of left axis deviation 
Avith myocardial disease that the T waA^e in Lead I would either fail 
to increase in amplitude or Avould actually decrease as the R AvaA-e 
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in Lrad I becomes more positive, also tliat tlie T wfn'c in Lead III 
would fail to become negative or actually would become more posi- 
tive as the Q~R-S wave in Lead III becomes more negati\^e. Such 
a disturbance in the behavior of the two phases of the ventricular 
complex in the presence of left axis deviation would seem to have 
the same significance as the development of an inverted T wave in 
Lead I, for example, which likewise represents simply a disturbance 
in the normal Q-R-S-T relationship and is generally thought to be 
due to myocardial damage, though Barnes and Whitten® might 
account for such a change as well as the progressive changes above 
described as due probably to a progressive hj'pertrophy of the left 
ventricle. It is, however, reasonable to assume that where there 
is a relatively low T wave in Lead I and an erect T wave in Lead III 
in the presence of left axis deviation of the Q-R-S wave there is 
evidence of myocardial change, either hypertrophy or some other 
form of disease. 

Just what the significance of the prominent jS wave in Lead 11 
is in this connection we are not prepared to say. It appears to be in 
some way associated with cardiac abnormalities in the same manner 
as the 7-wave disturbances above referred to. Wilson, ]\'Iacleod, 
Barker, Johnston and IQostermeyer,^® later Winteruitz,” reported 
changes in the initial deflection of the ventricular complex in myo- 
cardial infarction. Perhaps the change in S wave in Lead II here 
described bears the same relation to such changes as Wilson and 
his coworkers reported (more particularly the “Qi” type) as the 
slowly developing, roundly inverted T wave bears to the charac- 
teristic rapidly developing sharply inverted T waves in the presence 
of acute infarction. In 1 case the mymcardial changes develop 
relatively rapidly,- in the other slowly^. In both cases, however, the 
electrocardiographic changes signify^ mymcardial disease. 

Summary. 1. Electrocardiograms showing left axis deviation 
with no other abnormal findings were analy^zed with particular 
reference to the presence or absence of a relatively'’ low erect T Avave 
in Lead I, a prominent S wave in Lead II and an erect T wave in 
Lead III. 

2. The analy^sis indicates that in the absence of any of the three 
changes above enumerated the left axis deviation is not associated 
with cardiovascular disease. In the presence of one of the changes 
the incidence of associated cardiovascular disease is considerable, 
in the presence of two changes it is greater, while the presence of 
all tlrree changes constitutes almost invariable evidence of heart 
disease. 

3. Observations of repeated electrocardiograms taken over periods 
varying from 7 months to 4 y’-ears show the development of these 
associated changes in the presence of progressh'-e cardiovascular 
disease. 
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ELECTROCARDIOGRAPHIC CHANGES FOLLOWING THE 
ADMINISTRATION OF POTASSIUM IODID IN 
SYPHILITIC HEART DISEASE. 

By j. M. BajMber, M.D., 

ASSISTANT PROFESSOR OF CDINICAI, MEDICINE, NEW ORLEANS, LA. 

(From the Department of Medicine, Tulane University of Louisiana School of 

Medicine.) 


This case is presented as evidence of marked change taking place 
in the syphilitic heart, following the administration of jiotassium 
iodid, even in comparatively small doses. 

Case Report. The patient, a man aged 55, when first seen on February 1, 
1934, complained of shortness of breath. This condition was noticed some 
3 months before, when climbing stairs. At that time he was given “ green 
drops” by his physician and felt better within a week. He returned to 
work and had no further trouble until the week preceding the present visit, 
when he began to experience shortness of breath at night. He dreamed, 
and wakened with a feeling of smothering. After sitting up for an hour or 
more, he could go back to sleep. He experienced no difficulty when walking 
on the level, but climbing two flights of stairs caused trouble. 

The patient’s fa}}jily history revealed nothing of note, jffis past history 
was negative, except for a gonorrheal infection contracted when he was a 
boy. He had successfully passed a life insurance examination 31 years ago. 
His wife was living and in good health and had had no miscarriages; he 
had four children living, all of whom are healtliy. 
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Physical examination revealed a small, thin man, in no apparent distress. 
His right pupil was slightly larger than the left. Reaction to light was 
sluggish. There w'ere no palpable glands. His teetli were in bad condition. 
A rather marked pulsation in the A’^essels of the neck was noted. The apex 
beat was felt in the fifth and sixth intercostal space, well outside the mid- 
cla^icula^ line. No thrills and' no shocks were present. The heart rate, 
when standing, was 96, the rhythm regular. A short, systolic murmur 
could be heard at the base on each side of the sternum, followed by a Blow- 
ing, diastolic murmur, loudest over the aortic area and transferred downward 
on each side; this murmur was especiaUj’’ noticeable in the fourth inter- 
costal space, to the left, near the sternum, lldien the patient w^as lying 
down, a faint systolic murmur at the apex could also be heard. His pulse 
was of the Corrigan type. The arteries were thickened. The blood pressure 
in the left arm was 150/50 and in the right arm 140/60. Examination pf 
the lungs revealed coarse rdles over both sides of the chest; a few moist 
rules could be noted at the bases, posteriorly. I&iee jerks were present. 
The abdomen showed nothing abnormal and there was no edema of the 
extremities. The Wassermann reaction was positive (-] — | — [-+)• A faint 
trace of albumin was found in the urine. Fluoroscopic examination of the 
chest revealed enlargement of the left ventricle and some dilatation of the 
aorta. 

The electrocardiogram made on the da}”- the patient was first seen is show 
in Fig. 1. The following day he began taking bichlorid of mercur}’’, -it grain 
and potassium iodid, 10 grains, 3 times daily. 

The patient returned after 16 days of comparative inactivity feeling 
somewhat better. The electrocardiogram made at tliis time (Fig. 2) showed 
inversion of the T wave in Leads I and II and almost flat T-Z. Medication 
with potassium iodid and mercurj' was discontinued on February 17. 

On March 3, the patient reported having experienced one attack of 
dyspnea at night. Physical examination showed no change. In the elec- 
trocardiogram (Fig. 3) the T waves were upright in Leads II and III and 
diphasic in Lead I. Administration of bichlorid of mercury and potassium 
iodid was resumed in the same dosage. 

The patient, when seen on March 10 was feehng about the same. In the 
electrocardiogram taken on this day (Fig. 4), the changes in the T waves 
in all leads can be noted. Dosage of potassium iodid was increased to 15 
grains 3 time.s daily, continuing the bichlorid of mercurj’- as before. 

On March 17, the patient reported feeling much improved. The electro- 
cardiogram of this date (Fig. 5) shows an increase in the inversion of the 
T wave in Leads I and II, approaching that of the coronary type. Admin- 
istration of mercurj'- and potassium iodid was discontinued. 

On March 24, some dj^pnea was reported. Fig. 6 of this date shows the 
T wave upright in Leads II and III and diphasic in Lead I. The same 
dosage of bichlorid of mercurj’- was resumed -with 15 grains of potassium 
iodid 3 times a day. 

The patient reported feeling much better on March 31. The physical 
examination showed no variance. Marked changes in the T waves in all 
leads are to be noted in Fig. 7. Medication was discontinued. 

On April 7, he felt not quite so w'ell, although the physical examination 
showed no change. The differences in the T waves at this time are shown 
in the electrocardiogram in Fig. 8. Potassium iodid (15 grains, 3 times 
daily) without mercuiy w'as prescribed. 

On April 14, the patient reported one attack of dyspnea without definite 
change in the findings of physical examination. The variations in the T 
wave in all leads w’hen he was takiag potassium iodid without mercury are 
to be noted in Fig. 9. Potassium iodid was discontinued and administra- 
tion of iV grain of biclilorid of mercury, 3 times daily, was resutaed. 




Fig. 6, 

S~24r-34. 


Pig. 7. 
3-31-34, 


Fig. 8. 
4-7-34. 


Fig. 9. 
4-14-34. 


Fig. 10. 
4-21-34. 








AURICULAR FIBRILL.ATION IN lIYPERTIlYROimSJI 6S3 

The patient reported increased shortness of breath on April 21. From 
the electrocardiogram (Fig. 10), it can be seen that the T waves had become 
upright in Leads II and III and were only slightly inverted in Lead I. 

It would therefore seem that the potassium iodid was the cause of the 
variations in the T waves, since they occurred when he was taking potas- 
sium iodid TOthout mercury and disappeared when he took mercurj'' without 
potassium iodid. During the course of this study the patient remained 
at home in comparative inactivity. It is believed that the changes seen in 
these curves are brought about by the effect of the potassium iodid on the 
luetic lesion near the orifices of the coronary arteries. When the use of 
potassium iodid was discontinued the reaction sul^sided, the blood supply 
to the ventricles was reestablished and the marked changes in the T waves 
disappeared. Other minor changes in the form of the curves may be noted, 
but the T waves were the chief interest in this study. 

The patient has not returned for further observation. 

Summary. A case of luetic heart disease is presented, showing 
marked changes in the electrocardiogram, following the adminis- 
tration of potassium iodid, which disappeared -when the potassium 
iodid was stopped, to recur when the iodid -was renewed. It is 
believed that further study will cause a change in the prevalent ideas 
regarding the treatment of this condition, and that such a study may 
also be useful in diagnosis. No similar changes in other heart con- 
ditions have been noted, in the few cases observed. 


AURICULAR FIBRILLATION IN HYPERTHYROIDISM. 

The Influence of Age. 

By H. Ross Magee, M.D.,* 

AND 

Harry L. Smith, jM.D., 

DIVISION OF MEDICINE, THE MAYO CLINIC, ROCHESTER, MINN. 

Hyperthyroidism has long been recognized as one of the common 
causes of auricular fibrillation. In a recent study by one of us 
(Smith) hjTDerthjToidism ranked second as a cause of this cardiac 
arrhjThmia. The exact incidence of auricular fibrillation in hyper- 
thjToidism has varied considerably in different localities and 
in the clinical material studied by different investigators. The 
present study was undertaken to determine the influence of age in 
the production of auricular fibrillation among patients with hj'per- 
thyroidism. The clinical material providing the basis for the study 
consisted of cases in which operation was performed, of exophthalmic 
goiter and of hj^Derfunctioning adenomatous goiter. . The aim was 
to, take for study 100 cases of exophthalmic goiter, representing 
each of the first eight decades of life, or SOO cases in all, and a 
similar number, similarly distributed, of cases of hj^ierfunctioning 

* Now residing in Santa Monica, Calif. 
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adenomatous goiter. However, in some decades of life 100 cases 
were not available. Adenomatous' tissue in the thyroid gland 
rarely produces hj'perthjToidism before the age of 20; few patients 
with such a condition were in the second decade of life and none 
in the first. Although exophthalmic goiter is not so uncommon 
before the age 20, only a few patients were in the first decade of 
life. For various other reasons, the number of patients with exoph- 
thalmic goiter and the number with hyperfunctioning adenomatous 
goiter who were in tlie eighth decade of life fell short of 100. 

Classification. The presence of auricular fibrillation in hjqper- 
thjToidism by no means precludes a return to normal sinus rhythm. 
In raanj^ cases a transient period of auricular fibrillation occurs 
during the immediate postoperative interval, and at no other time. 
Cases of this type comprise the larger part of the group we have 
classified as instances of intermittent auricular fibrillation. We 
have also included in this group those patients who had auricular 
fibrillation before as well as after operation, and whose cardiac 
rhytlim returned to normal following thyroidectomy. The pre- 
operative period of fibrillation of some of these patients was of 
fairly long standing; of others, it was limited to one or more paroxys- 
mal attacks. Undoubtedly many patients with hj'perthyroidism 
• have short periods of auricular fibrillation wh.ich the plinician has 
no opportunity to observe. 

Those patients with auricular fibrillation, whose arrhythmia was 
constantl}’’ present during the time the patient was under observa- 
tion, we have classified as having continuous auricular fibrillation. 
The period of observation usually comprised several days to 3 weeks 
before operation, and 2 to 3 weeks after operation. Later observa- 
tions make it certain that in some cases of prolonged auricular 
fibrillation, normal sinus rhythm is reestablished after a greater 
length of time. In other cases the auricles fibrillate indefinitely. 
The number of patients whose normal cardiac rhythm is reestab- 
lished after leaving the clinic cannot be accurately determined. 

Age. Table 1 shows the incidence by decades of auricular fibril- 
lation in exophthalmic goiter and in hj’perfunctioning adenomatous 
goiter. It also shows the relative incidence, by decades, of the 
continuous and intermittent tj^pes of auricular fibrillation found 
in each tjTie of hj^ierthyroidism, as well as the number of post- 
operative deaths of patients with auricular fibrillation. 

Auricular fibrillation was absent before the age of 20, uncommon 
before the age of 40 and very frequent after the age of 50. Rising 
rapidly in the sixth decade, the incidence of auricular fibrillation 
continued to - mount during the seventh decade and reached a 
maximum of a))ont 50% in the eighth decade. 

Table 2 siiows the incidence by decades of auricular fibrillation 
in exophthalmic goiter and in hjqjerfunctioning adenomatous goiter 
after exclusion of certain complicating factors. 
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Taulk 1. — Agk Incidknck of Auhicolar FiBBiiiiiATioN IN Hypekthyboidism. 


Exophthalmic Koitcr. 


Hyperfunctioning adenomatous goiter. 


Decade of 
life. 

> 


Auricular fibrillation 

‘ 

Cases. j 

Auricular fibrillation. 

C.iscs. 

<n 

o 

d 

Per cent. 

Postopenitivo 

deaths. 

Continuous 

fibrillation 

Intermittent 

fibrillation. 
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Postoperative 

deaths. 

Continuous 

fibrillation. 

Intermittent 

fibrillation. 

0- 9 . . 

13 

0 

■ 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10-19 . . 

100 

0 

1 0 

0 

0 

0 

15 

0 

0 

0 

0 

0 

20-29 . . 

100 

3 

: 3 

0 

0 

3 

100 

2 

2 

0 

0 

2 

30-39 . . 

100 

1 

1 1 

0 

0 

'1 

100 

5 

5 

0 

0 

5 

40^9 . . 

100 

4 

i 4 

0 

3 

1 

100 

11 

11 

0 

2 

9 

50-59 . . 

100 

22 

' 22 

1 

11 

11 

100 

33 

33 

2 

8 

25 

60-69 . . 

100 

29 

I 29 

1 

9 

. 20 

100 

50 

50 

0 

23 

27 

70-79 . . 

22 

12 

1 55 

_ 

2 

= 

7 

82 

38 

48 

4 

14 

24 


Table 2. — Age Incidence of Auricular Fibrillation in Hyperthyroidism 
After Exclusion of Possible Associated Etiologic Factors of Hyper- 
tension, Arteriosclerosis, Endocarditis and Pericarditis. 


Exoplithalrnic goiter. } Hyperfunctioning adenomatous goiter. 


Decade of Auricular fibrillation. ' ' Auricular fibrillation. 


life. 

[ 


Total. 

1 


Total. 

Continuous. 

Intcrn.it- 

tent. 

; Continuous. 

Intermit- 

tent. 

0- 9 . 

0 

0 

0 

0 

0 

0 

10-19 

0 

0 

0 

0 

0 

0 

20-29 

. 0 

2 

2 

1 0 

2 

2 

30-39 

. 0 

1 

1 

1 0 

4 

4 

40^9 

. 0 

1 

1 

1 

7 

8 

50-59 . 

. S 

9 

17 

3 

17 

20 

60-69 

5 

13 

18 

7 

17 

24 

70-79 

■ 4 (18%) 

5 (23%) 

9 (41%) 

1 7 (8%) 

! 

12 (15%) 

19 (23%) 


Incidence of Auricular Fibrillation in ExopJithahnic Goiter and in 
Hyperfunctioning Adenomatous Goiter. Whether hyperthjToidism 
is on a basis of adenomatous or of exophthalmic goiter, the patient 
who is over 50_ is likely to have auricular fibrillation. The influence 
of age on the incidence of auricular fibrillation is similar in the two 
types of hyperthyroidism, considered separately. 

Auricular fibrillation occuiued more frequentfy in association with 
hj'perfunctioning adenomatous goiter than in association with 
exophthalmic goiter in almost every decade oh life. The slightly 
higher incidence of 3% in association with exophthalmic goiter in 
the third decade, as compared with 2% in association with hjqier- 
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hmctioning adenomatous goiter in the same age group, is too small 
to be considered significant. The apparently higher incidence of 
55% in cases of exophthalmic goiter in the eighth decade, as 
compared with 48% in cases of hj^jerfunctioning adenomatous 
goiter, may be due to the small group of cases of exophthalmic 
goiter (22) which was available for study, as compared Avith the 
larger group of cases of hj'perfunctioning adenomatous goiter (82). 

Incidence of Contimmis and Intermittent Types of Auricidar 
Fibrillation. The cases in which auricular fibrillation was inter- 
mittent outnumbered tliose in which it aa'us continuous, both among 
those of exophthalmic and among those of hj^perfunctioning adeno- 
matous goiter, and in younger as well as older age groups. 

AdA^ancing age determines an increase in frequency of occurrence 
of cases of intermittent and also of continuous auricular fibrillation. 

No patient under 40 Avas found to have continuous auricular 
fibrillation. Among the handful of patients in the third and fourth 
decades of life arrhythmia Avas a temporary departure from the 
normal. 


Table .3.— Duration of Intermittent Auricular Fibrillation Occurring 
Following Thyroidectomy. 



Exophthalmic goiter. 


Hyperfunctioning adenomatous 
goiter. 

T)era<Si' of iifo. 

1 

Duration of auricular 
fibrillation, clays. 


Duration of auricular 
fibrillation, days. 


Cases, ‘ 




Cases. 





Mini- 

Maxi- 

Aver- 

Mini- 

Maxi- 

Aver- 

i 



i 1 

muni. 

mum. 

age. 


muju. 

mum- 

nge. 

0- 9 

0 j 

0 

0 

0 

0 ' 

i 

0 

! 0 

0 

10-19 

0 

0 

0 ' 

0 

0 1 

0 

1 0 

0 

20-29 

3 1 

. 1 

: 3 i 

2.0 

2 * 

1,0 

■1 

1 2.5 

30-39 

1 

4 

! 4 : 

4.0 

5 

1.5 

4 

i 3.1 

40-19 

1 

3 

! 3 ; 

3.0 

9 i 

1.0 

8 

3.4 

50-59 

11 

1 

1 8 ■ 

3.5 

25 

1.0 ' 

41 

4.6 

00-09 

20 

1 

! ® i 

2.2 

27 

1 1.0 

14 

3.8 

70-79 

7 

1 

1 11 1 

4.0 

24 

1 1.0 

1 

25 

4.1 


Ihiration of Auricular Fibrillation Folloioing Thyroidectomy. In 
many cases in Avhich transient fibrillation of the auricles dcAmloped 
folloAving thjToideetomy, the abnormal rhythm lasted only a few 
hours. In a feiv it persisted as long as 10 days. Accurate obseiwa- 
tions regarding the duration of the period of fibrillation had not 
been noted in the records of all cases. Table 3 shoAVs the aAmrage 
duration of postopera tNe auricular fibrillation for the patients in 
each decade. The hearts of patients Avith lijqDerfunctioning adeno- 
matous goiter usually required longer to reestablish a normal rhythm 
than did those of patients Avith exophthalmic goiter;. this tendency 
AA'as noticeable not only for the series as a Avhole, but in almost 
CA’ery decade. 
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Cardiac Decompensation. Cardiac decompensation of varying 
severity occurred in 25 of the 71 cases of exophthalmic goiter with 
auricular fibrillation; and in 37 of the 139 cases of hyperfunctioning 
adenomatous goiter with auricular fibrillation. Cardiac decompen- 
sation pl-obably resulted in 33 of these 62 cases from a combination 
of hyperthyroidism and complicating disease of the heart. In 
15 cases of exophthalmic goiter and in 14 of hyperfunctioning 
adenomatous goiter no cause for the cardiac decompensation other 
than hjperthjToidism could be found. 

Influence of Hypertension and Intrinsic Cardiac Disease. Of 85 
patients who had hyperthyroidism associated with hypertension, 
arteriosclerosis, endocarditis or pericarditis, 77 (91 %) were over 50. 
Of 125 patients who had hyperthyroidism associated with none of 
these extraneous factors, 107 (86%) were over 50. In the case in 
which circulatory'’ reserve has been reduced by’’ previous organic 
heart disease, it is not surprising that the added burden of hyper- 
thyroidism should result in my'ocardial insufficiency’’. That the 
increased incidence of aiulcular fibrillation, cardiac enlargement and 
decompensation among patients with hyperthyroidism who are 
over 50 is to be attributed wholIy'^ to the frequent occurrence of 
hypertension and coronary sclerosis at this period of life would 
appear to be incorrect. A large number of older patients with 
hyperthyToidism who had auricular fibrillation or other manifesta- 
tions of cardiac injury gave no evidence of hypertension or of 
previous independent heart disease. 

Infliience of Duration and Intensity of Hyperthyroidism. Plummer 
has pointed out that although the onset of exophthalmic goiter is, 
as a rule, relatively acute, the onset of hyperthyroidism in adenoma- 
tous goiter is usually’’ insidious; that in the former condition, patients 
come under observation on an average of 9 months after the onset 
of the goiter, whereas in the latter they come under observation 
on an average of 17 years after the appearance of the goiter, and 
on an average of 3 years after the onset of toxic symptoms. He 
wrote : “ The latter complex (hyperfunctioning adenomatous goiter) 
may extend over months without attracting much attention; on 
the other hand, exophthalmic goiter brings the patient to the 
phy’sician relatively early and with a sy’^ndrome readily interpreted.” 

Auricular fibrillation and cardiac decompensation resulting from 
hyperfunctioning adenomatous goiter may not be associated with 
any definite symptoms of hyperthyroidism. In such cases a con- 
siderable length of time often elapses before it is recognized that ' 
the goiter is the cause of the myocardial injury. The higher inci- 
dence of auricular fibrillation and of other signs of myocardial 
insufficiency in hyperfunctioning adenomatous goiter, as compared 
with exophthalmic goiter, is due chiefly to the different distribution 
by age in the two diseases (Table 4); 78%, of patients with hyper- 
functioning adenomatous goiter are over 40, whereas 61 % of patients 



6SS 


MAGEE, smith: 


with exophthalmic goiter are under 40. However, if patients in 
similar age groups are compared, there is a slightly higher incidence 
of auricular fibrillation in association with hj^ierfunctioning adeno- 
matous goiter than in association with exophthalmic goiter. One 
cause for this may be the longer duration of hj'perthjToidisrh in 
adenomatous goiter. Some writers are inclined to ascribe major 
importance to duration of hjTierthjwoidism as a factor in the 
production of myocardial injuiy. Anderson, in a recent study, 
concluded that the presence of auricular fibrillation among patients 
with hjqierthyroidisni seems to depend on two factors: (1) Dura- 
tion of symptoms, and (2) severity of the condition. Andrus found 
that the aA'erage duration of sjnniitoms Avas conspicuously greater 
among patients Avith myocardial insufiiciency. Without a control 
series, analysis of the 210 cases of auricular fibrillation in our series 
does not permit definite conclusion in regard to the influence of 
duration and intensity of h^'perth^Toidism in the production of 
myocardial injury. HoAVCA'er, our data indicate that age is a much 
more important factor than duration of symptoms or than intensity 
of hj-perthyroidism. 


Table 4.— Influence of Inte.vsitv and Duuation of Hvi’ertha-roidism on 
Incidence of .'Vuricular Fibrillation. 


Decade of life. 


0 - 9 
10 - 1(1 
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Percentage of eases of hyper- 
functioning adenomatous 
goiter in which auricular 
fibrillation occurred. 


i 1 

1 
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1 
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0 
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i M 

3 1 
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14 

2 

-b28 

9 

2 1 

; +25 

20 

4 
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3 

3 
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21 

11 
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25 

21 

+30 

28 

33 

-1-39 

15 

30 

: +31 

31 

50 

-f-44 

15 

54 

+34 

38 

48 


Averages for entire 

group tvith auricular 1 

fibrillation . 4-.'i9 ' 11 



The aA'erage thiration of symptoms and the average basal meta- 
bolic rates for the patients Avho had auricular fibrillation, cardiac 
enlargement and cardiac decompensation are given in Table 5. 
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Table 5. — Duration of Symptoms anb Metabolic Rates op Patients With 
Various Cardiac Conditions. 


! ‘ 

Exophthalmic goiter. 

i 

1 Hyperfunctioning 
adenomatous goiter. 


Duration of ! 
1 symptoms, 
mos. j 

l ; 

1 Metabolic 
rates, 

1 1 

1 1 

I Duration of ' 
symptoms, 

1 mos. 

1 

1 Metabolic 
rates, 

1 %. 

Intermittent auricular fibrillation . | 

1 ! 

1 14.3 

1 

+39.5 

j 

31.1 

1 

+32.8 

Continuous auricular fibrillation 

1 1C. 6 

+40.0 

32.0 

+33.5 

Cardiac enlargement ... 

15 8 

+40.2 

22.4 

+33.8 

Cardiac decompensation . 

' 19.3 

+41.5 * 

1 

24. G 

+38.0 


The fact that for comparable age groups there is a higher incidence 
of auricular fibrillation in association with h^^qierfunctioning adeno- 
matous goiter than in association with exophthalmic goiter indicates, 
when considered in conjunction with the lower basal metabolic rates 
which obtain in adenomatous goiter, that intensity of hyperthyroid- 
ism is not a very important factor in producing the arrhythmia. 
The duration of the period of auricular fibrillation and the chance 
of the arrhythmia being replaced by normal sinus rhythm are 
probably not greatly influenced by the basal metabolic rate. 

Conclusions. Subjected to the effects of hjTierthyroidism, old 
patients are prone to have auricular fibrillation; young patients, to 
maintain normal cardiac rhythm. The increased incidence of 
auricular fibrillation among older patients with hyperthyroidism 
is only partially attributable to the frequent occurrence of coronary 
sclerosis and hjqier tension after the age of 40. Advanced age 
itself, although unaccompanied by these processes, determines an 
increased susceptibility of the heart to auricular fibrillation and 
adds to the likeliliood of its becoming decompensated under the 
stress of hyperthyroidism. 

Among 210 cases of auricular fibrillation associated with hyper- 
thjToidism, cardiac enlargement occurred in 79, in 35 of which 
there was no evidence of hypertension or of preexisting cardiac 
disease. In the same group of cases of auricular fibrillation, cardiac 
decompensation was present in 62; in 29 of these, hyperthyroidism, 
was the only cause found for the cardiac decompensation. In 
only 2 cases did cardiac enlargement or decompensation afflict 
patients under 40. 

Auricular fibrillation resulting from hyperthyroidism is more 
often transient or intermittent than prolonged or continuous, 
especially when not accompanied by serious myocardial injury. 
The arrhythmia often develops, for the first time, during the 
immediate postoperative iieriod, in which case it ceases sponta- 
neously within a few hours to a few days. Even when cardiac 
injury has occurred, the fibrillation of the auricles is frequently 



690 


WEDD, smith: prognosis in angina pectoris 


replaced by normal sinus rbytibm, ivhen the heart has been relieved 
of the strain of hyiierthyroidism. 

Hyperfunctioning adenomatous goiter results in auricular fibrilla- 
tion and other signs of myocardial insufficiency more often than 
does exophthalmic goiter. This different incidence in the, two tj'pes 
of goiter results mainly because patients with adenomatous goiter 
acquire hj-perthyroidism on an average of about a decade later in 
life than do those with exophthalmic goiter. The longer duration 
of h^-perthjToidism in adenomatous goiter is a less important factor 
in producing the higher incidence of myocardial injury in this 
disease. Advanced age seems a much more important factor than 
duration or intensity of symptoms in determining the incidence of 
auricular fibrillation and myocardial insufficiency of patients with 
hyperthyroidism. 
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CLIFTON SPRINGS, N. Y. 

(From the Cardiac Department of The Clifton Springs Sanitarium and Clinic.) 

Studies dealing with prognosis in angina pectoris are not lacking. 
The present report, which will be presented without reference to 
existing literature, is deemed of interest because it comes from a 
cardiac clinic in which arteriosclerotic heart disease is the predomi- 
nant type. The average age of patients for whom a diagnosis of 
organic cardiovascular disease is made is 58 years. Approximately 
one-sixth of these patients include among their symptoms pain, 
either effort pain or pain related to coronary thrombosis. This 
study is based on the records of 166 ]>atients ivho complaiifed of 
effort angina. The term angina pectoris is used as Heberden 
described it and care has been taken to exclude those in whom 
effort pain first appeared after coronary thrombosis. It is hardly 
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necessary to state that there are undoubtedly errors in diagnosis 
and in the given causes of death. It is also recognized that the 
series itself is too small for mathematical treatment. Because of 
this fact and the unavoidable errors inherent in any such clinical 
study it is emphasized that the various figures given can have at 
best qualitative and never quantitative values. 

Of these 166 patients, only 23 (about 14%) were women. The 
relatively low incidence of true angina in women is well known, 
but this small figure is the more striking because women constitute 
about 56% of the patients of this institution, and men, 44%. Of 
those suffering from cardiovascular disease, however, men pre- 
dominate and the figures just given are reversed. The clientele of 
the institution does not represent a true cross-section of society, 
and any classification of this group on the basis of occupation would 
not be of significance for the social distribution of the disorder under 
consideration, but such classification does, however, confirm certain 
current impressions. The largest single group, 71 cases, comprised 
business men and executives. The second largest group was that 
of the physicians, IS patients. The mechanics and farmers, of 
whom there were 15, outnumbered the groups of lawyers, of clergy- 
men and of teachers. 

In this presentation emphasis will be laid on the age at onset, 
age at death and duration of symptoms. The mean age at which 
pain first appeared was 57.5 years. The mean age at death was 
63.3 years. Of greater interest than these averages is the distribu- 
tion according to age groups, which is shown in Chart I. It will be 
seen that 65% did not develop pain until after 55. Of the entire 
group, 70% lived for 60 or more years. One patient, aged 47, had 
suffered from angina for only 4 months when he died from coronary 
thrombosis; the other extreme was a man who had angina for 
24 years and died at the age of 82. The average duration of life 
for the whole series was 5.8 years; for those whose angina began 
between the ages of 45 and 74, the average was 6 years. The dura- 
tion of life related to the age at onset is shown in Table 1, and in 
the bottom line of this table will be found the number of cases for 
each duration period. Fifty-four patients (32.5%) lived for 3 3 '^ears 
or less. More detailed examination of this 3-year group is desirable 
and will help to explain the short duration of life of these people. 
Eighteen of these cases developed angina between the ages of 60 
and 64, while 11 did not acquire the symptom until they had passed 
65 years. Nineteen, or 36% of the 3-year group, suffered from 
essential hypertension, and 8 had hjqiertension of the arteriosclerotic 
type. There were serious complicating diseases in 6 patients, and 
also in this group were encountered 6 instances of excessive use of 
tobacco and alcohol. Those who died from disease other than 
cardiovascular, and those who suffered from essential hypertension, 
and those who did not develop angina until after 65 years accounted 
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for 64% of the 3-year group. There were apparently but 8 cases, 
15% of the 3-year group and 4.8% of the entire series, who died froni 
uncomplicated arteriosclerotic heart disease before 60 years of age. 
If this 3-year group be set aside there remain 112 cases, with an 
average duration of life of 7.7 years. In any consideration of prog- 
nosis there are two factors Avhich must never be overlooked. The 
first concerns longevity itself, and of this it may be said that there 
is at present no reason to believe that the three score j’^ears and ten 



Chart I. — The distribution of ICO cases of angina pectoris according to age groups. 
Broken lines, age at onset; solid line, age at death. 


allotted to man by the Psalmist will be extended. The available 
evidence rather indicates that the possible span of life by reduction 
on the final decades is shortening and not lengthening. The second 
factor is that of life expectancy, Avhich at birth is now approximately 
60 years, and is the greatest in recorded history. In this series, 
30% of the patients died before 60; 70% reached or exceeded the 
present life ex-pectancy, while 48% passed it by 5 or more years. 
It cannot be denied that the morbid process Avhich underlies the 
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anginal syndrome does shorten life, and for the group of 112 patients, 
who began to suffer from angina at an average age of 57 years, 
there was a material reduction in the life expectancy estimated for 
that age. These people ought to have lived to an average age of 
73.6 years. But by living to an average of 64.3 years they did com- 
plete 87% of the average lifetime of all persons who survive to 
the age of 57. One certainly would not attempt to minimize the 
seriousness of angina pectoris for the individual victim, but there 
is apparent in this disorder a striking disparity between the par- 
ticular and the general. For the afflicted person the syndrome 
often constitutes a painful, even terrifying disease; it may cause 
serious limitation of activity, and for the individual the only thing 


Table 1. — ^Duration Related to Age at Onset. 
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certain about his prognosis is its uncertainty. But in its general 
aspect, when the anginal syndrome is viewed, not as it presents 
itself in an individual, but in a large group, and in the light of 
average duration of symptoms, age at onset and age at death, and 
is compared with life expectancy and possible length of life, then 
angina pectoris seems much less grave and it does not stand out as 
a serious complication of arteriosclerotic heart disease. 

The influence on prognosis of variation from normal is difflcult 
to estimate, but the .fact that 50% of these patients had, as far 
as is known, normal blood pressure levels throughout their course 
suggests that hypertension is not a factor of primary importance. 
Ihere were 36 examples of tjqiical essential hjqiertension, and of 
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these, 53% lived for 3 j'cars or less after tlic onset of angina; in 
this groui) essential h;^n[)erteusion represented the primary disease 
in which angina appeared as a late complication. Scattered cases 
occurred after the 3-year period, but it is by no means certain that in 
these patients hj^iertonus was continuous. There were 45 patients 
who had transient periods of hj^iertension, ot hj^iertension of the 
arteriosclerotic ty]ie, with high pulse pressure. For a number of 
patients this tj'jie of hj’pertension did not appear until angina had 
been present for several years. This latter type of hj’pertension 
reached its maximum incidence in the 5-year duration period, after 
which it was less frequently encountered. It is of interest to note 
that 68% of the women had hj^iertension compared to 50% of the 
enthe group, and that the average age at death for the women 
was 67.1 5 'ears, nearly 4 j'ears beyond that of the group as a whole. 

The simultaneous existence of complicating factors occurred in 
less than one-fifth of these patients. Even when these were such 
as to suggest some causal relation, it was not possible to evaluate 
their role in prognosis. Thei-e were 9 instances of diabetes mellitus. 
Malignancy, gastro-intestinal and }mlraonary disease occurred infre- 
quently. The low incidence of prostatism was ratlier striking. 
There were but 3 known cases of rheumatic heart disease and 
3 cases of luetic infection. Excessive use of tobacco was noted 16 
times; 6 of these patients were in the group that lived for 3 years 
or less. On the other hand, the patient who had angina for 24 years 
used tobacco liberally, and another wdio used tobacco to excess also 
had diabetes for 6 years and had borne his angina for 3 years, Avhen 
he died from coronary thrombosis, but at the age of 76 years. 
However, one may question whether the low incidence of excessive 
use of tobacco in the entire group, less than 10%, and the unusually 
long duration of life with angina in the series are in any way related. 
Examples of obesity occurred in all groups and that state appears 
to have no bearing on prognosis. Seventeen patients had 19 surgical 
operations, 8 tonsillectomies and 11 major operations. There were 
2 operative deaths, but whether or not these were of cardiac origin, 
cannot be stated. In general, it does not appear that angina 
pectoris by itself constitutes an undue risk if surgical intervention 
is indicated. Unfortunately, this study can throAV no light on the 
effect on prognosis of adequate medical control of patients who have 
angina. A few examples suggest that the submission to supervision 
might in many instances prolong life. The most striking case in 
this series presented at the age of 51 j'^ears, in addition to effort 
angina of 2 years’ standing, obesity, hjqiertonus, pulsus alternans, 
congestive failure, cardiac enlargement and an abnormal electro- 
cardiogram, and yet this man lived for 9 years, when he died from 
coronary tlirombosis. It is known that he lived very carefully 
during those years. Another man, a severe diabetic Avith angina, 
lAed for 6 years during Avhich he A'iolated for much of the time all 
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the rules laid down for diabetes and heart disease; it seemed as 
though with reasonable care this patient might have gone on much 
longer. On the other hand, the case of shortest duration who died 
at 47 years had extensive coronary artery disease Avhich was not 
even suspected until a few months before death and certainly could 
not have been influenced by any now known measures. From the 
study of this particular series the impression is gained that examples 
similar to the last cited are relatively - uncommon and that co- 
operation of the patient with reasonable medical control is worthy 
of trial. 

There were electrocardiograms for most patients and for a few 
interesting serial records. While at times helpful for diagnosis, it 
is quite certain that the standard lead electrocardiogram is of no 
value for prognosis. Inversion of T in Lead I seemed to be the 
abnormality most frequently assoeiated with effort angina. As 
the cardiac lesion progressed inversion of !r 2 appeared. There were 
numerous cases with a definite history of pain for 3 to 5.3’'ears before 
any abnormalities were recorded, and in one instance the electro- 
cardiogram was still normal 13 years after the onset "of angina. 
One- patient had a normal electroeardiogram 3 days, and another 
5 days before death from coronary thrombosis. In 3 cases there 
was T-wave inversion before the onset of angina. One patient 
had left axis deviation and deep inversion of T in the first lead 
9 years before death oceurred. Disturbances of rhythm other 
than premature beats were rare. There was one example of tran- 
sient auricular fibrillation, one of permanent fibrillation (with mitral 
stenosis) and one of auricular flutter, which probably followed cor- 
onary thrombosis. 

This series does not contain suflScient data for a satisfactory 
evaluation of the influence of heredity. The mean age at death 
of the patients was 63.3 years. For those known, the mean 
age at death of the fathers was 65.4 years, and for the mothers, 
68.9. These are uncorrected figures and include such factors as 
early deaths of mothers from childbu-th, and early death of either 
parent from acute infection or accidents. Cardiovascular disease 
was the cause of death for 37.5% of fathers, at a mean age of 64.5 
years, and for 28.4% of mothers, at a mean age of 68 years. More 
mothers died from senility than from cardiovascular disease. There 
were several examples of patients who exceeded the span of their 
parents, who were likewise victims of cardiovascular disease. One 
does encounter families with a remarkable incidence of arterio- 
sclerotic heart disease which may well be attributed to transmission 
from one parent, but such family histories are comparatiA^ely infre- 
quent in this clinic. For this particular series of cases, when one 
considers the low familial incidence of cardiovascular disease and 
that duration of life of both patients and parents has exceeded their 
life ex-pectancy at birth, heredity apparently is not an important 
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factor in prognosis, and from tliis study it is difficult to see how 
inherited defects in the vascular system can play a very large paj-t 
in the present high incidence of arteriosclerotic heart disease. 

Study of the causes of death in this series points to the high 
probabilitj^ that a patient who has effort angina will die a cardiac 
death. For 15 patients nothing is known concerning the manner 
of death. Fifty patients died suddenly; the mechanism is not 
known in 16 of these. There were 87 deaths attributed to coronary 
thrombosis and 21 deaths from congestive heart failure; some of 
the latter may have been preceded by that accident, but this is not 
known. Thirteen deaths were ascribed to cerebral accidents. Thus, 
over 80% of the entire series died from cardiac or vascular disease. 
For the remainder tlie causes of death were variable and need not 
be enumerated; there were 3 suicides; other causes did not include 
more than 2 cases in any one group. 

Summary. A study was made of 166 cases of effort angina, seen 
in a clinic in, which arteriosclerotic heart disease is the predominant 
tj'pe. The influence of hj’pertension, obesity, familial, vascular 
disease and certain miscellaneous factors has been considered. 
Electrocardiograms were available for most patients, but were found 
of no value, for prognosis. Nearly one-third of these patients died 
suddenly, and over half died from coronary occlusion. Cardiac 
or vascular disease was responsible for death in over 80% of the 
series. The average duration of life in this series, 5.8 years, was 
greater than is usually anticipated. While prognosis in the indi- 
vidual case must always be uncertain, when viewed in the light of 
its comparatively long duration, and the late ages at onset and death, 
compared with life expectancy, the anginal syndrome appears less 
grave and does not stand out as a serious complication of arterio- 
sclerotic heart disease, with which it is most commonly associated. 


THE EFFECT OF BACTERIA ON THE NORMAL STOMACH AND 
ON ACUTE EXPERIMENTAL GASTRIC ULCER IN DOGS.* 

By Samuel Morrison, M.D., 

ASSOCrATE IN GASTROENTEROLOGV, UNIVERSITT' OP MARYLAND, 

AND 

jMaurice Feldman, M.D., 

ASSIST.1,NT PHOFESSOR OF GASTROENTEBOIjOGY, UNIVERSITY OP MARYLAND, 

BALTIMORE. MD. 

(From the Gastroenterologic Clinic of the Department of Medicine.) 

In a previous experimental study* on the production of gastric 
ulcer it was found that the gastric tissue showed a resistance to 

* This experimental work has been made possible through aid from the Julius 
Friedenwald Fund for Medical Research. 
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acids up to a certain strength. It was determined, for example, 
that ulcers could be produced in most instances by the injection of 
a 1% hydrochloric acid solution into the gastric tissue while the 
injection of lesser strengths of this acid produced inconstant results. 
These ulcers have a tendency to heal rapidly, usually within a 
period of 3 weeks. Chronic ulcers could not be produced by this 
method alone. 

A review of the literature on this subject reveals many different 
opinions regarding the effect of bacteria in the production of chron- 
icity of gastric ulceration. Since it has been maintained by many 
who have investigated this problem that chronic ulceration is due 
to, or augmented by, a secondary infection, we thought it advisable 
to bring the gastric mucosa and the acute ulcer into intimate con- 
tact with potent cultures of the common organisms. 

Dogs were used in our experiments because we could easily 
produce acute ulcerations without disturbing the mucosa from 
within and without resorting to any major operative procedures. 
It is agreed by most observers that acute ulcers in healthy animals 
heal rapidlj'' no matter how produced. 

The Effect of Gastric Secretion Uimi Bacteria. According to 
Bartle and Harkins,^ gastric contents are by no means sterile. 
They have found that practically no germicidal value could be 
demonstrated at concentrations of free hydrochloric acid below 
0.04%; but gastric juice containing from 0.08% upward had a well- 
marked bactericidal effect. Johnson and Arnold® found that the 
free acid gastric contents of dogs did not kill bacteria but exercised 
only a bacteriostatic influence on the flora. Knott, ^ on the other 
hand, has shown that free hydrochloric acid in a strength less than 
that found in the average normal stomach is sufficient to destroy 
many forms of bacteria, especially streptococci. 

Van der Reis® dipped little cubes of bacon and apple seeds, to 
which threads were tied, into prodigiosus and 'staphylococcus cul- 
tures and had the patient swallow them. From these the bacteria 
could be cultivated when they were withdrawn 1 or 2 hours later. 

Bartle reports that gastric juices from 10 to 20 degrees free 
hydrochloric acid were more germicidal for Streptococcus viridans 
and B. coli communis than for Staphylococcus aureus; the latter 
organism even in higher degrees of acidity showed considerable 
resistance. 

Interestingly enough, Andrews and his coworkers® have demon- 
strated that bacteria already present locally in tissue can be made 
to multiply when the area is damaged in certain ways. 

In our experiments we thought it best to administer the bacteria 
mixed with food in order (1) to dilute and neutralize the gastric 
contents, and (2) so that the bacteria would not only remain in 
the stomach for longer periods but would be protected from “acid” 
attack by their admixture with the food. We also administered 
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bacteria alone in one group of animals, and in another group ive 
gave large amounts of sodium bicarbonate in order to neutralize 
the gastric acidity at the same time that the bacteria were in the 
stomach. 

In another series of experiments we produced ulcerations in the 
stomach, by injection of hydrochloric acid into the gastric wall and 
fed the animals with bacteria alone and bacteria with the addition 
of sodium bicarbonate. The bacteria were of the following potency: 
Streptococcus, 1.5 billion per cc.; B. coli and staphylococcus, 
5 billion per cc. The site of the injection had been marked with 
a bead. 

The preliminarv group of experiments are briefly recorded in 
Table 1. 

Table 1.— Experiments AVith Normal Gastric Mucosa. 


No. of 
dogs. 

1 Time, 

1 days. 

0.5 cc. culture' 
. in'iccted into 
stomach wall 
(24-hr. broth). 

Site of 
injection. 

! 10 cc.bacteria i 
' fed i 

' daily. 1 

1 

NaHCoJ 

fed 

daily. 

Mucosa 

at 

autopsy. 

1 

Remarks. 

2 

' 18 

St.aph. aureus 

Lesser curva. 

None 

1 

None j 

Normal 


O 

20 

Staph, aureus 

Lessor curva. 

Staph, aureus 


Normal, 

i 

2 

C 1 

20 J 

■Staph, aureus 

Lesser curva. 

Staph, aureus 

1 ounce j 

Normal. 

i 

2 

30 

S. viridans 

Lesser curva. 

None 

None j 

Normal. 

1 

o 

2S 

S. viridans 

Lessor curva. 

S. viridans 

None 1 

Normal. 


2 

28 

' S. Mridans 

I.esscr curva. 

S. viridans 

1 ounce 1 

Normal. 


1 . . 

30 

None 

None 

S. viridans 

' None 

Normal 

Control. 

2 

o7 

B. coli 

Lesser curva. 

None 

’ None 

' Normal. 


i 

25 

B. coli 

Lesser curva. 

B. coli 

None 

Norm.al. 


2 

23 

B. coil 

Lesser curva. 

B. coli 

1 ounce 

! Normal. 



It is interesting to note that Best and Orator" injected into the 
stomach wall of rabbits 2 cc. of a Staphylococcus aureus (24- 
hour) culture. All of their animals died within 48 hours and yet 
the pathologic picture at autopsy was quite innocent. 

Our Avork recorded in Table 1 on S. viridans is confirmed by 
Tiirck,® who injected streptococci into the mucosa of the stomach 
with negative results. He also fed large amounts of streptococci 
(and B. coli communis, separately) which were given daily at a 
time when the stomach was empty to dogs in which an experimental 
abrasion was made in the pyloric and duodenal mucosje with nega- 
tive results. These findings ivere also confirmed by Wilensky and 
Geist.® 

Saunders, Holsinger and Cooper^® infected threads with a strep- 
tococcus isolated from resected peptic ulcers and inserted them 
into the wall of the stomach and duodenum, the thread passing 
tlirough all tliree layers. Sections failed to show tissue changes 
microscopically. Our observations are in accord with the latter 
findings. 

The Prodmikm of dastric Uh-cration by Hydrochloric Acid. In a 
previous communication’ it had been shown that a 1% solution of 
hydrochloric acid produced an acute ulcer very constantly. These 
ulcers healed completely within a period of 7 to 21 days. In the 
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Iiresent experiments it was believed that tlie acute ulcers could' be 
infected and in that manner become chronic. Ulcers were produced . 
by the injection of 1 % hydrochloric acid. Feedings with different 
bacteria, such as Staph, aureus, B. coli and S. viridans, potent 
enough to produce secondary infection of the ulcer, was instituted. 
The following experiments were carried out after the acute gastric 
ulceration had fully developed (Table 2) . 


Table 2.— Experiments "With Mucosa With Acute Gastric Ulcer 
Produced by Hydrochloric Acid. 


No. of 
dogs. 

Time, 

days. 

i 10 cc. bacteria 
fed daily. 

1 NaHCOa 
fed 
daily. 

j Autopsy findings. 

1 

Remarks. 

1 

1 I 

..5 ; 

Staph, aureus | 

1 

None 

Definitely healed ulcer 

Rugffi converged to- 
ward ulcer. 

2 

49 

Staph, aureus 1 

None 

i Definitely healed ulcer 

Rugee converged to- 
ward ulcer. 

1 

8 

Staph, aureus i 

i 

1 

1 ounce 

! Deep ulcer 

1 

I 1 

Elevated round edges 
— characteristic of 
indurated ulcer. 

1 

9 

Staph, aureus 

1 ounce 

1 Perforating ulcer 

Characteristics of 
acute ulcer. 

2 

19 

Staph, aureus 

1 ounce ! 

Definite ulcer. 


1 

49 

Staph, aureus 

1 ounce 

Completely healed ul- 
cer. 


2 

21 

S. viridans | 

None j 

No ulcer. 


2 

21 

S. viridans j 

1 ounce ! 

Definite healing ulcers. 


1 

35 

B. CQli 1 

None 

1 Definite healed ulcer. 


2 

44 

B. coli 1 

None 

1 

1 Healed ulcer in 1 ; nor- 
i mal mucosa in other. 


1 

3 

B. coli 

1 1 ounce 

1 Perforated ulcer. 


1 

12 

B. coli 

1 1 ounce 

Perforated ulcer. ! 


1 

15 

B. coli 

1 1 ounce 

! Small ulcer. 

1 

1 

27 

B. coli 1 

1 ounce 

No ulcer. 

1 


As a separate study the following experiments were performed: 
0.5 cc. of 1% hydrochloric acid wasunjected through the serosa into 
the muscular walls of the stomachs of 3 dogs. Three days later, 
after the production of necrotic ulcers, 1 cc. of S. viridans (24-hour 
broth culture) was injected in each dog through the serosa into the 
muscular and submucosal areas surrounding the ulcers. In 1 of 
these dogs a healed ulcer was found after 34 days; in another, 
sacrificed 54 days after production of the ulcer, examination of the 
stomach showed an old healing perforated ulceration with the rugrn 
converging toward the ulcer, the base of which measured 2 mm. 
The third dog was sacrificed 57 days after ulcer production and no 
sign of ulceration could be discovered. 

The same study was repeated except that gastrostomies were 
performed in order to visualize the ulcers and, therefore, to allow 
direct injections of bacteria into their walls from the mucosal side 
of the stomach. Four dogs had ulcers produced by injection of 
1%. hydrochloric acid. Three days later gastrostomies showed 
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definite ulcerations in each instance; 1 was actually perforated but 
Avas sealed off by omentum. The immediate area surrounding 
each ulcer was inoculated directly tlwougli the mucosa witli 1 cc. 
of a 24-hour culture of S. viridans. The gastrostomy was closed in 
each instance. Tayo dogs Acere examined 59 days after ulcer 
production and both shoAS’ed complete healing. There Avas some 
induration of the gastric AA’all in both cases (1 of these had per- 
forated). In the other 2 animals the ulcers Avere also healed, but 
in 1 the gastric Avail AA'as perfectly normal; in l5ie other there Avas 
. only the slightest induration. , 

Soda Controk. In 2 dogs in which ulcers Avere produced by the 
injection of 1 % hydrochloric acid, soda alone A\-as giA’-en by mouth 
for 8S days. They Avere sacrificed and both rcA^ealed definite healed 
ulcers. In 2 other dogs in AA'hich soda AA’as fed Avithout the produc- 
tion of the acid ulcer, 1, after 19 days, revealed no gastric changes 
and in the other, after 88 days, the mucosa Avas normal. 

Microscopic studies made of the gastric tissue surrounding the 
areas of injection of colon, streptococcus and staphylococcus bac- 
teria iwealed the folloAving data: The mucosa AA'as essentially 
normal; the submucosa in most instances revealed 'a slight edema 
and round-cell infiltration. In 1 instance a thrombotic A*essel and 
in another a submucosal infarct Avere found. The muscularis AA^as 
normal in most instances, but in 1 an area of necrosis and in another 
a slight infiltration of round cells Avere found. The serosa, in a 
fcAV instances, shoAved evidences of localized peritonitis, and in 1 
instance there Avere many small localized abscesses (staphylococcus). 
Although there AA'ere slight microscopic changes, the macroscopic 
appearances Avere entirely normal. 

Test meals AA'ere made in a number of the dogs but the results 
obtained Avere not significant-. The gastric contents Avere cultured 
in 5 instances Avith negath’-e results. Blood cultures Avere made in 
3 instances Avith uegatiA'^e results. In a fcAv of the dogs fed Avith 
soda, COa-combining poAver determinations of the blood Avere 
made and these also proA'ed to be normal. Blood counts AA^erc 
normal in the 8 animals in which they Avere done. 

Summary. Gastric ulceration has been regarded as due to a 
bacterial iiiA'asion of the gastric mucosa, the clu'onicity of ulcers 
being maintained by the infection. Other obserA'ers haA'e stated 
that the chronicity of ulcers is dependent upon the effect of hydro- 
chloric acid irritation. The consensus of opinion is that both 
factors are important in the chronicity of gastric ulceration and, 
since hydrochloric acid of normal strength fed to dogs does not 
produce a chronic ulcer, it Avould folloAV that if this AueAv is correct 
the factor of bacterial infection might be of paramount importance. 

The present e.xperimental study deals Avith the effect of bacteria 
upon the normal gastric mucosa and upon the mucosa Avith acute 
gastric ulceration produced by hydrochloric acid. It Avas found 
that large amounts of liacteria mixed Avith food did not produce 
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ulceration nor mucosal irritation when fed to dogs. When bacteria 
were fed to dogs in which acute gastric ulceration had been pro- 
duced by hydrochloric acid, no infection of the ulcer took place and 
chronicity was not noted, the ulcer healing completely, though in 
some cases in slightly prolonged time. Even after giving large 
amounts of sodium bicarbonate, the bacteria had no permanent 
effect upon the gastric mucosa or the acute ulcers. 

After potent cultures of bacteria are injected into the gastric wall, 
infection with consequent abscess formation and necrosis does not 
generally take place in the dog’s stomach. ' 

In several instances gastrostomies, permitting direct inoculation 
of the ulcer walls with S. viridans, did not prevent rapid and com- 
plete healing of what were observed to be deep necrotic (in 1 instance, 
a perforated) ulcers. 

The acute hydrochloric acid ulcer is a clean-cut, non-infected, 
necrotic ulcer which apparently does not lend itself to bacterial 
infection. 

Chronic gastric ulceration cannot be produced by bacteria alone 
or by bacteria acting on acute hydrochloric acid ulcers, at least in 
the dog. It seems that another factor must play an important role 
in its chronicity. 

The high acidity of the dog’s gastric contents seems to inhibit 
the growth of bacteria; but this hardly explains the results obtained 
after neutralizing the gastric contents with food and alkalies given 
simultaneously with the bacteria. 

The authors wish to thank Dr. Frank W. Hachtel, Professor of Bacteriology, 
University of Maryland Medical School, for his assistance in these studies. 
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BLOOD GLUCOSE CLEARANCE. 

Its Determination by a Miceointerval AIethod. 

I. Studies in Normal and diabetic Persons.*! 

By Bicidvrd M. McKean, M.D., 

associate pkofessok of clinical medicine, college of medicine, 

WAYNE DNIVEHSITY, 

Gordon B. Myers, M.D., 

INtiTnUCTOU IX MEDICINE AND DIRECTOR OF STUDENTS, COLLEGE OF 
MEDICINE, WAYNE UNIYBRSITV, 

AND 

Elmore C. Von der Heide, M.D., 

JUNIOR ASSOCIATE IN MEDICINE, DETROIT RECEn^ING HOSPITAL, 

DETROIT, MICH. 

(From the Metabolic Clinic of Detroit Receii’ing Hospital and Department of 
Medicine of the Wayne University.) 

Since 1913 a vast literature has accumulated on the use of glucose 
tolerance tests as diagnostic and prognostic aids in diabetes mellitus, 
various endocrinal and nervous diseases, arthritis, carcinoma and 
many other diseases. Classified according to the route of admin- 
istration of the glucose, these tests have been of two main types: 
the oral and the intravenous. The literature on the oral glucose 
tolerance test has been reviewed recently.^ The inconsistencies of 
the test have been reemphasized and explained by irregularities in 
gastric emptying. Work demonstrating marked variations in gas- 
tric evacuation in normal individuals and corresponding changes 
in the blood sugar cur\"es has been cited. 

To eliminate errors arising from differences in absorption, intra- 
venous glucose tolerance tests have been devised. One of the 
earliest and still the most accurate of these was introduced by 
Woodyatt, Sansum and Wilder,” but the expense of the apparatus 
used and the length of time required for the test have made it im- 
practical for routine use. 

Other intravenous glucose tolerance tests have been carried out 
according to the following general plan: A quantity of glucose 
greater than the body can immediately dispose of is injected intra- 
venously in a short period of time. Bipod specimens are taken at 
fixed intervals thereafter and the tolerance is determined by the 
height to which the blood sugar rises and the time required for it to 
return to normal. 

* Presented in abridged form at the meeting commemorating the twentieth .anni- 
versarj- of the Peter Bent Brigham Hospital, Boston, Mass., May 0, 1933. 

t The expenses of this investigation were defrayed, in part, by a grant from 
Parke, Da\ds & Co. 
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The 23 tests of this tjqie which Ave have found in tlic literature 
since 1913''* differ widely in technical details but in our opinion have 
certain faults in common. 

1. Dosage. In 17 of these tests, identical amounts of glucose 
AA^ere giA’'en to different patients regardless of body weight. In 1 of 
these, for instance (Jorgenson and Plum), the routine dose of 20 gm., 
Avhen calculated in terms of body AA'eight, giAms amounts varying 
from 0.18 to 0.66 gm. per kg. These authors contended that the 
Aveight factor Avas unimportant. Yet in our experience, A^arjdng 
the dosage from 0.1 to 0.33 gm. per kg. results in corresponding 
changes in the height and duration of the curAms, as illustrated in 
Chart 2. 

2. Injection Time. In 7 of these tests the time allotted to the 
administration of glucose AA^as not uniform; in 4 others it was not 
mentioned. We liaAm found pronounced differences in duplicate 
curves AA'hen the injection time AA'as increased from | to 1| minutes 
AAuth an other AA'ise constant technique and, therefore, feel that it is 
a factor warranting standardization. 

3. Number of Blood Sx>ecimens and Intervals of CollectioJi. In 22 
of the 23 intraAmnous tests, collection of blood samples covered a 
period of 1 to 4 hours and necessitated several venous or capillary 
punctures. The discomfort incident to multiple punctures and the 
time consumed in carrying out these tests are serious draAA’'backs 
from the standpoint of both patient and laboratory. 

The Microinterval Technique. General Remarks. In the modifi- 
cation to be offered in this presentation, an effort has been rnade 
to eliminate the undesirable features of other intraAmnous tests. 
For reasons stated aboAm, the dosage of glucose AA'as based on body 
Aveight.* A dose of 0.2 gm. per kg. aa'rs chosen because it produced 
a curve Avhose blood sugar range closely approximated that obtained 
by the more familiar oral technique. 

For comparable results, a uniform injection time is obligatory, 
and a period of 1| minutes Avas chosen because it AA'as most conA'eni- 
ent for the quantities giA'en. 

Since a complete “arm to arm ” circuit of the blood is made every 
20 to 30 seconds,'* it seemed reasonable to expect a distinctiA'e 
response in normals and diabetics Avithin a very feAV minutes after 
the injection of glucose. Klein and Holzer,^ taking specimens at 
30-second interA'als, found definite differences in the curves of 
normals and diabetics Avithin 6 minutes. Since their method 
involves puncture of the radial artery, it is not practical as a clinical 
test. 

* A tendency toward “diabetic curves” was found in obese subjects shonong no 
clinical evidence of dialjetes mellitus. It is probable that in this type of indhddual 
it would have been more accurate to have based the dosage on. surface area rather 
than body weight, since the mass of active protoplasm is more nearly proportionate 
to the former. 
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By the use of ;i tbree-v'uy sto])cock l)etv'een needle and syringe, 
it was possible to collect venous specimens at any desired time dur- 
ing a period of 15 minutes with but one insertion of the needle. 
At first specimens were taken 1, 2, 3, 4, 5, 6, 7, 10, 15 and 30 minutes 
after the completion of the glucose injection. The 1- and 2-minute 
readings were generally on the ascending limb of the curve, were 
not particularly informatory and, therefore, were discarded. The 
yeah point (highest reading) occurred between the 3d and 5th minute 
after the end of the injection and was clearly^ shown in samples 
collected e^Try 60 seconds during this period. (Fifteen-second 
intervals were tried in a few cases but greatly increased the tech- 
nical work and were of no apparent additional diagnostic value.) 
The descending limb of the curve was adequately showm by speci- 
mens at 5, 10 and 15 minutes. Although the blood sugar at the 
latter time was still above fasting level, little additional information 
was gained by prolonging the test to 30 minutes, since this phase of 
the curve was relatively'- asymiptotic. 

Procedure. At the risk of making the mechanics of the test seem cum- 
bersome, the technique which we have used is described in detail. 

The following material is needed: One 50-cc. syTiuge, graduated in 
units of 1 cc.; 2 three-w'aj" metal stopcocks; 2 18- or 19-gauge intravenous 
nqedles; 1 ampule of 50% glucose;* 4 to 6 5- or 10-cc. sjTinges; oxalated 
test tubes; wqtch with second hand. 

The patient, pre\iously on a mixed diet, is directed to eat nothing after 
6 o’clock on the evening before and to report at the laboratory' between 
8 and 9 o’clock the following morning. Fifty'- per cent glucose is drawm 
up into the large syringe to the amount of 0.2 gm. per kg. body w'eight, 
the three-way stopcock and needle attached and a vein in the antecubital 
fossa is entered with the valve so set that the blood flows through the side 
arm into an oxalated tube. After the fasting specimen has been collected, 
the tourniquet is released, the A'alve turned so that the needle and sy-ringe 
are connected and the injection is started. I^fliile the injection is in pro- 
gress, an assistant calls off 15-second intervals by the watch. One-sixth 
of the total amount of glucose is given during each 15-second period and 
the injection is finished in exactly 1| minutes. Within the next 2i minutes 
a tourniquet is applied to the opposite arm, a small syringe and three-w'ay- 
stopcock fitted to the other needle and a vein entered. The tourniquet 
is then removed and discarded and the needle is left in situ for the remainder 
of the test. Twm- to 4-cc. blood samples are collected exactly 3, 4, 5, 10 
and 15 minutes after the end of the injection. 

After each specimen has been collected, the valve is turned so tlaat 
syringe and side arm are connected, the syringe detached and replaced by 
a clean dry one. With each change of syringe, air is forced through the 
stopcock so that residual blood is ejected through the side arm. In the 
intervals betw’een the last 3 specimens, the valve is so set that the needle 
and syninge are connected and sufficient suction is applied to remov-e 1 or 
2 cc. of blood per minute. This is merely an additional precaution to 
prevent clotting and the blood so obtained is discarded. 

* Commercial ampules of 50% glucose were used, largely for the sake of con- 
^'enience. The product used was analyzed for glucose by the Folin-IVu method, and 
the concentration was found to be as stated. It is, therefore, probable that errors 
arising through rcli.ance upon commercially prepared glucose solutions are negligible. 
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After a few tests have been done, there is seldom any difficulty in obtain- 
ing the specimens in the manner given above. Two persons are needed to 
perform the test — one to insert the needles, give the glucose and take the 
samples — the other to keep the time, transfer the specimens into test tubes, 
oxalate the blood and rinse and dry the syringes. 

For blood sugar estimations, the Folin-Wu method* has been used. 

Nomenclature. Since this test is a measure of the rapidity of the 
disappearance of injected glucose from the blood stream, it will be 
referred to as the microinterval glucose clearance test. 

Results. Results in Normal and Diabetic Persons. The fasting, 
peak and 15-minute blood sugar levels in 65 metabolically normal 
individuals and 113 cases of diabetes mellitus are plotted in Chart 1. 
(Thirty-two of the latter were controlled on diets containing 150 gm. 
or more of available glucose without insulin.) The classification 
as '^normal” or “diabetic” was made only after careful and gener- 
ally prolonged clinical observation. 

The most important diagnostic criteria of the curve obtained by 
the microinterval technique are: (1) the height of the “peak point,” 
and (2) the 15-minute blood sugar level. The peak of the blood 
sugar curve was 175 mg.% or below in all but 3 of the “normals.” 
One of these had a fractured femur, another a sciatic neuritis. The 
third had a pronounced psychoneurosis and showed a normal curve 
on repetition of the test. The 15-minute level was 125 mg.% or 
below in all but 4 of the normals. Two of these corresponded to 
the first 2 mentioned above, the third had migraine and the fourth 
was apparently healthy. Only 2 diabetics— both extremely mild— 
had peaks below 175 mg.% and none was below 125 mg.% at 15 
minutes. Two diabetics (1 of whom had a low peak) had “border- 
line” 15-minute levels of 125 mg.% and 3 more had “borderline” 
peaks of 175 mg. %. 

A diagnostic point of minor significance is the time at which the 
apex of the curve is reached. Fifty seven per cent of the normal and 
but 45% of the diabetic, group attained the peak by the 3d miriute, 
the more severe the diabetes, the greater being the tendency toward 
a delayed peak. 

In computing average curves, the diabetics have been divided 
into 3 groups: (1) Those with fasting blood sugars below 0.1%; 
(2) those with fasting levels below 0.125%; (3) those above 0.125% 
(Chart 1). The average fasting blood sugar of the 20 diabetics 
in Group 1 was only 5 mg. % higher than the mean initial level of 
the group of normals, whereas the average peak and 15-minute 
readings of the diabetics exceeded those of the normal by 39 and 

* That this method of blood analysis does not give true sugar values is of little 
importance, since the non-sugar reducing substances are constant and hence do not 
alter the shape of the curve. That this method is inaccurate with very high or very 
low blood sugars is likewise of little consequence in this test, since most of the read- 
ings are between 0.070% and 0.22%. In 59 duplicate determinations an average 
difference of 3.4 mg.%, and a maximal difference of 13 mg.%, in the two analyses 
were found. 
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44 ing.%, respectively. The composite curve of the diabetics of 
Group 2 exceeded that of the normals by 21 mg.% at the fasting 
level, 53 mg.% at the peak and 55 ing.% at 15 minutes. Thus it 
is e\ident that differences in the microinterval glucose clearance 
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curves of normals and diabetics are not merely reflections of differ- 
ences already existent in the fasting levels. 

Abnormal cuia'cs have been found in several eonditions in vhich 
there was no clinical e^'idence of a coexisting diabetes. Among 
these are cardiac decompensation with edema, hj^^ertension, chole- 










BLOOD GLUCOSE CLEARANCE 


707 


cystitis, peptic ulcer, hypopituitarism and chronic encephalitis, the 
curves of which will be presented and discussed in a subsequent 
communication. 

Hence the microinterval intravenous method, like the oral test, 
is not specific for diabetes mellitus. The distinctive behavior of 
the diabetic as compared with the normal individual is quantitative 
rather than qualitative, and yet it is sufficiently striking in most 
cases to be diagnostic. A smaller dose of glucose (e. g., 0.15 gm. 
per kg.) or calculation of the glucose dosage on the basis of surface 
area rather than body weight may diminish the number of “border- 
line” curves. 

Sources of Error. 1. Dilution factor: In 15 cases, hemoglobin 
estimations (Sahli method) were made on each of the samples col- 
lected. The maximal dilution almost invariably occurred between 
the 4th and 6th minute, and in 13 of the 15 cases it ranged between 
5.8% and 10% of the initial level. A case of polycj'-stic kidney 
disease showed a 11.7% fall in hemoglobin, a case of polycythemia 
and hjqDcrtension, a 15.6% drop. Thus in the small series the error 
introduced through variations in the degree of dilution was generally 
less than 4% but in extremes was as high as 10%. 

2. To investigate the possibility of an alteration in the flow of 
blood through the vein, due to the presence of the needle, a vein in 
the opposite arin was entered without applying a tourniquet and a 
specimen was taken simultaneously with one of those routinely 
collected during the course of the test. In 9 cases the average 
differences between the blood sugar readings in, the 2 specimens 
was 2 mg. %, the maximal differences 6 mg. %, figures Avell within 
the limits of error of the Folin-Wu method of analysis. Since the 
results in these 9 cases so uniformly indicated that the needle did 
not interfere with the flow of blood through the vein, the series 
was not extended. 

3. If glycogenolysis should occur in the liver during the course 
of the test, a serious error would result from the glucose liberated. 
Release of liver glycogen may well result from blood loss or from 
strong emotional stimuli. Since there was no appreciate change 
in blood sugar when specimens were taken in a similar manner 
after an injection of saline or alanin, the blood loss, in itself, is 
insufficient to provoke a hyperglycemia. Two patients were ob- 
served whose emotional state apparently affected the glucose clear- 
ance test. Both were very apprehensive and excited at the first 
test but placid at the second and showed high curves at the first 
test and normal ones on repetition. It is possible that undetected 
or less intense emotional stimuli affected the curves of many others 
to a lesser degree. If this were so, one would expect to find abnor- 
mal curves frequently in conditions characterized by emotional 
lability. In this connection, it is significant that IS out of the 
19 cases of hjqjerthyroidism had normal curves before operation 
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and 6 out of 7 in whom the test was repeated postoperatively showed 
curves almost identical with those obtained beforehand. The only- 
exception showed a higher curve after than before operation. 

Comments. Gomixirisons of the Oral and Microinterval Intravenous 
Tests. The advan-tages and disadvantages of the oral and micro- 
interval intravenous tests have been summarized in Table 1. 


Table 1. — Compabison of the Microinterval Intravenous and the Oral 

Glucose Tolerance Tests. 


Criteria. 

Amount of glucose given 
Effect on diabetic status 

Time required for test 
No. of venepunctures . 


Technical difficulties 


Value in the differentiation 
of normals and diabetics 
Agreement in repeated 

curves 

Effect of previous diet 
Background 
Eunotions involved 


I.V. Test. 

10 to 20 gm. 

None demonstrable 

17 min. ’ 

2 

Rate of injection uniform 


Oral Test. 

50 to 150 gm. 

Occasionally upsets toler- 
ance seriously. 

2 to 4 hrs. 

3 to 5 or more. 

Rate of intestinal absorp- 
tion indeterminate. 

None except venepunc- 
ture. 


•A good vein in each arm 
necessary — 2 workers 
needed — experience 
with test required 

Less overlapping in the curves of normals and mild dia- 
betics with the intravenous than with the oral test. 

Closer agreement in duplicate curves obtained by the 
I.V. method. 


None demonstrated 
Unphysiologic 
Principally diffusion 
through capillary walls 
(?) 


Pronounced. 

Physiologic. 

Sum total of gastric emp- 
tying, intestinal absorp- 
tion, diffusion and oxi- 
dation of glucose and 
conversion into glyco- 
gen. 


Lennox^ compared the oral and intravenous tests in a consider- 
able series and concluded that the curves obtained by the intra- 
venous method “ exliibit less variation from subject to subject and 
in the same subject less variation from time to time.” 

To test this point in regard to the method under discussion, 2 or 
more intravenous tests were made on a group of 31 non-diabetic 
individuals. In Chart 3, the differences in blood sugars at coinci- 
dent points in the curves of each patient have been compared with 
those found by Lennox® in duplicate curves bj'- the oral method.* 
It would appear from these figures that repeated microinterval 
intravenous tests in the non-diabetic are in closer agreement than 
repeated oral tests. 

Gray® warned of the danger of upsetting carbohydrate tolerance 
by the large doses of glucose generally given in the oral method. 
Beardwood’s patient,’' who was well controlled by diet alone before 
the oral test was earried out, showed a hyperglycemia and glyco- 
suria on the same diet for 4 months afterward and for a time required 
25 units of insulin daily. jN'Iany other examples of this situation 

* The curves of 2 patients who were very apprehensive during the first test were 
excluded from Charts 1 and 3. 
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could 156 added those who have used oral glucose tolerance tests 
in diabetic individuals. The chief experimental evidence in sup- 
port of these clinical observations lies in the work of Allen® on the 
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partially depancreatized dog. We have in no case observed reac-' 
tions nor impairment of tolerance attributable to the glucose in- 
jected in the microinterval test. 
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Though the intravenous method for determining glucose tolerance 
is admittedly unphysiological, there is evidence to show that the 
passage of glucose through the liver prior to its entrance into the 
general systemic circuit makes little difference in the resultant 
blood sugar curves. McLeod and Pearce® injected glucose at a 
uniform rate into the superior mesenteric vein of dogs, took simul- 
taneous specimens from the portal vein and inferior vena cava 
and found parallel curves after the first 2 minutes. Grafe and 
Meythaler*® injected 5 cc. of 60% glucose into the femoral artery 
and into either the portal vein, hepatic or splenic arteries of the 
same dog on different days but under otherwise similar conditions. 
They took specimens from the ear capillaries and obtained closely 
comparable curves. 

Fate of the Injected Ghicose. The curves obtained by the micro- 
interval method furnish an additional example of the rapid dis- 
appearance of intravenously injected glucose from the circulation. 
If the vascular system were impermeable to glucose, the injection 
of 0.2 gm. per kilo would raise the blood sugar from a fasting level 
of 0.1 ing.% to a plateau at 0.35 to 0.375 mg.%. Since tjie blood 
sugar generally does not rise above 175 mg.% in the normal and 
approaches the fasting level within 15 minutes, one may infer that 
the removal of the injected glucose begins at once and is almost 
complete in 15 minutes. 

The following explanations for the disappearance of the injected 
glucose have been offered: (1) Conversion in the blood stream into 
a non-reducing substance; (2) excretion in the urine; (3) simple 
diffusion into the tissues; (4) conversion into glycogen; (5) oxidation. 

1. By determining the total carbon content of the blood before 
and 2 minutes after the intravenous injection of glucose, Kurokawa^^ 
proved that the glucose did not remain in the blood stream in a non- 
reducing form but actually escaped into the tissues. 

2. Though not routine, a sufficient number of urine examinations 
have been made during the course of the microinterval test to show 
that glycosuria is absent or negligible in normal individuals. 

3. Most workers have attributed the rapid disappearance of 
glucose from the blood stream to simple diffusion into the tissues. 
Palmer^® and Folin, Trimble and Newman^® have found a substantial 
increase in the sugar content of various tissues, particularly the skin, 
shortly ■ after the intravenous injection of glucose. Urbach and 
Sicheri"* and Trimble and Carey*® found that the skin sugar concen- 
tration in relation to the blood sugar was appreciably higher in 
fasting diabetics than in fasting normals. Thus one might infer 
that, due to its higher sugar concentration, diabetic skin (and 
probably other tissues as well) may be less capable of removing 
added sugar from the blood stream than normal skin. Though 
differences in the gradient of diffusion may partially, if not wholly, 
•account for the immediate divergence in the curves of normals 
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Hiul diabetics, it seems unlikely that they are alone responsible for 
the differences in the latter parts of the curves. 

4. There is as yet no analytical method sufficiently sensitive to 
be applicable to the study of the changes in tissue glycogen in the 
first 15 minutes after the injection of the relatively small amount of 
glucose used in this test. 

5. Oxidation of glucose in the tissues has been studied by changes 
in the respiratory quotient. Since fluctuations in the respiratory 
quotient occur in fasting individuals and since a slight rise may be 
caused even by the act of drinking, changes of less than 0.05 have 
not been considered significant. Many workers^ have found, the 
first significant rise in R.Q. from 30 to 60 minutes after the oral 
administration of glucose. Similar results after intravenous injec- 
tion were obtained by Bernstein and Falta^^ in man and by Ritlop'® 
in dogs. Thus ve may conclude that oxidation of glucose in the 
tissues is not demonstrable by present methods during the first 
15 minutes after its administration. 

There is evidence to show that administration of insulin prior to 
the injection of glucose expedites both the rise in B.Q. and the dis- 
appearance of the glucose from the blood stream, llitlop found a 
much earlier response of the respiratory quotient to injected glucose 
when insulin was given prior to the glucose. Elias, Guedemann and 
Roubitschek^ made duplicate intravenous tests in one of which 5 units 
of insulin were given 45 minutes before the glucose. The fasting 
level was not appreciably changed by the preliminary dose of insulin 
but the peak attained 5 minutes after the glucose injection was 
distinctly lower and the return to the fasting level more rapid. 

Increased insulin activity is demonstrable in the blood in the pan- 
creatic vein soon after the intravenous injection of glucose. Zunz 
and LaBarre'5 transfused blood from the pancreatic vein of 1 dog 
into the jugular vein of another for a period of 20 to 30 minutes 
and found no change in the blood sugar of the recipient. They 
then injected 60 cc, of 20% glucose intravenously into the donor 
during the blood tmnsfusion and found a marked fall in the blood 
sugar of the recipient at the end of the transfusion. In a control 
exq^eriment with the vagi of the donor severed, no change occurred 
in the blood sugar of the recipient. 

Whether insulin is liberated rapidly enough from the pancreas to 
appreciably influence the disposal of glucose during the first 15 min- 
utes after sugar injection is still a matter for conjecture. Reason- 
ing from this premise, however, one might explain some of the 
differences between the normal and diabetic curves by the presence 
of an intact or impaired islet function. 

Summary. Twenty-four intravenous glucose tolerance tests have 
been collected from the literature of the past 20 years and con- 
structively criticized. A modification has been offered which is 
carried out, in brief, as follows: A vein is entered, a fasting speei- 
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men tnkcn and glucose to the ainonnt of 0.2 gin. per kg. body weight 
is injected at a uniform rate in exactly 1| minutes. Within the 
next 3 minutes a vein in the opposite arm is entered and specimens 
are collected exactly 3, 4, 5, 10 and 15 minutes after the end of the 
injection. Since this test is primarily a measure of the rapidity 
of disappearance of injected glucose from the blood stream, it is 
referred to as the micromierml glucose clearance test. 

In comparison with the oral and most of the intravenous tests, 
the method proposed in this communication has the following 
advantages: (1) A uniform rate of introduction of glucose into the 
blood stream is assured; (2) only 2 venepunctures are required; 
(3) the test is completed in 17 minutes; (4) a smaller amount of 
glucose is used; (5) repeated tests on the same individual are in 
closer agreement. 

The results in 65 normal individuals and 113 cases of diabetes 
mellitus are presented. The most important diagnostic criteria of 
the curve are the height of the peak point and the 15-minute blood 
sugar level. The apex of the blood sugar curve was 175 mg.% or 
below in all but 3 of the normal group and the 15-minute level was 
125 mg.% or below in all but 4 normals. Only 2 diabetics— both 
extremely mild— had peaks below 175 mg.% and none was below 
125 mg.% at 15 minutes. In 2 diabetics, however, the 15-minute 
reading was exactly 125 mg.% and in 3 others “borderline” peaks 
of 175 mg. % were obtained. 

We feel that a “normal” microinterval curve (peak of 175 mg.% 
or beloAV and 15-minute level of 125 mg.% or below) is strong 
presumptive evidence against the presence of diabetes mellitus. 
On the other hand, an abnormal curve is not of equal diagnostic 
significance. Curves similar to those obtained in diabetes have 
been found in several other conditions, such as cardiac decompensa- 
tion, hjqjertension, cholecystitis, peptic ulcer, carcinoma and 
chronic encephalitis. 

The fate of the injected glucose has been conjectured and an 
attempt has been made to explain the early appearanee of a dis- 
tinctive response in normals and diabetics. 

We \\’ish to acknowledge with thanks the invaluable laboratory aid furnished us 
through the cooperation of Dr. Osborne Brines, Directgr of Laboratories in the 
Detroit Reoehdng Hospital. 
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THOMSEN’S DISEASE. 

(Myotonia Congenita.) 

Bt Bernard I. Comroe, M.D., 

INSTRUCTOR IK MEDICIKE, SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the Medical Clinic of the Hospital of the University of Pcnnsyh'ania.) 

Congenital myotonia Avas fir.st adequately described (1875) by 
J. Thomsen,' a Danish physician, himself a sufferer from the disease, 
and in whose family the disease Avas noted for Aa'c generations. It 
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had been observed previously by Bell (1832), Benedikt (1864), and 
von Leyden (1866). The name of myotonia congenita ivas attached 
to the disorder by Striimpell. Jelliffe and Ziegler^ have recently 
reviewed 20 cases of congenital myotonia which had appeared in 
the American literature up to 1932. 

The disease usually appears in several members of a family in 
successive generations. In most of the recorded cases, it has existed 
in several relatives of the patient, generallj'' in one of the parents, 
and in the patient’s brothers, sisters, and children. Many of 
Thomsen’s ancestors are said to have suffered from mental weakness. 

It appears in both sexes, but more commonly in the male. Koch® 
found 91 of 102 collected. cases to be in men. Symptoms are noticed 
very early in life, and the disease tends to persist with varying in- 
tensity throughout life. When the patients are first seen, they are 
usually about 20 years old, or less, and have had the disease as long as 
they can remember; or, it may have been first noticed in childhood 
when athletic activity was restricted because of muscular stiffness. 

The main features are a disturbance of muscular activity such 
that at the beginning of a voluntary movement excessive tonus of 
the muscles involved renders the movement slow and difficult. 
When a movement has been repeated several times, this excessive 
tonus subsides, and the movement is performed in the normal way. 
A period of rest, however, is quickly followed by a return of the 
difficulty. The disturbance is usually most conspicuous in the 
muscles of the arms and legs. 

The peculiarity of motion occurs only in voluntary movements. 
Muscular contractions are slower than normal, and the muscles 
involved remain more or less contracted for some seconds. The 
contraction is so powerful that the antagonistic muscles cannot 
overcome it. If a voluntary movement is repeated several times, 
the patient begins to perform each movement before the preceding 
contraction has been completely relaxed, and his difficulty as regards 
the stiffness gradually diminishes in each movement. 

White^ sums up the difficulty quite well: Flexion of the fingers 
usually illustrates the peculiarity of the disease; it is obvious that 
the flexor muscles contract more slowly than normally; they appear 
to remain completely contracted for from 1 to 3 seconds, and then 
are not at once completely relaxed, for if the patient is told to open 
the hand as quickly as possible, it is often between 7 and 10 seconds 
before the extensors completely overcome the flexors. If flexion be 
repeated as rapidly as possible, the second contraction obviously 
occurs more rapidly tlian the first, the third more rapidly than the 
second, and after about a half dozen contractions, the action appears 
quite normal. The difficulty is the same whichei^er muscles arc 
affected, and different patients find different movements particularly 
difficult. 

Such a defect has never been recorded in the acts of swallowing. 
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respiration, micturition, defecation, or parturition. With these 
exceptions, the stiffness may be observed in any movement executed 
i)y voluntary muscles. No reports of any sensory disturbance in 
this disease have been found, and the optic disks, when examined, 
have appeared healthy. 

The characteristic alterations found in the. electrical reactions 
are as follows: 

1. ^Mechanical stimuli to motor nerves; no increase in irritability. 

2. Faradic current to motor nerves: quantitatively normal; with 
strong current, the contraction produced on closing the circuit lasts 
much longer than normally. 

,3. Galvanic current to motor nerves: same as with faradic current. 

4. ^Mechanical stimuli to muscles: contractions induced more 
easily than in health; contractions may last from 5 to 30 seconds. 

,5. Faradic current to muscles: if strong current, contraction lasts 
from o to 30 seconds. 

6. Galvanic current to muscle: K.C.C. and A.C.C. are equally 
easv to obtain (in health, K.C.C. is much more readilv elicited than 
A.C.C.). 

In general it may be said that the contraction induced in muscles 
of individuals vith Thomsen’s disease lasts longer than in normal 
persons even when weak currents are used, and that with strong 
currents, the contraction lasts some seconds and relaxes quite 
slowly. The same patient does not usually exhibit all of the features- 
of the electrical reactions usually classed as characteristic of this 
disorder. 

The usual pathologic picture is marked hjqiertrophy of the affected 
muscles, which are firmer than is normal tissue when in action. 
^Microscopically, the muscle fibers are usually considerably hjTper- 
trophied, some being 2 to 4 times the normal size; it is reported that, 
on cross section the bundles of fibrilte, instead of ha\dng the normal 
polygonal form, are much rounder than normal, some being almost 
circular. Longitudinal sections may reveal an increase in the 
number of muscle nuclei. 

The disorder is essentially chronic, usually progressively increasing 
up to puberty, or even later. Relapses and remissions are not 
uncommon. Instances of complete recovery have not been reported, 
although the disease does not of itself lead to death. 

Case Report. The patient (No. 33-14701), a white male, aged 19, was 
admitted to Dr. Stengel’s ward in this hospital complaining of stiffness of 
numerous joints and muscles. As long as he can remember the patient has 
had .some difficulty in the initiation of muscular movements of all parts of 
the body. This was not especiallj’- trouiffesome, however, until the age of 
15 , but during the past 4 years has become progressively worse. 

[Movements cannot be initiated as rapidly as in the normal individual 
but inu.st be begun slowly, as though there were a partial inhibition of action 
when first undertaken. After a particular movement has been performed 
several times, the involved muscles seem to respond better and soon the 
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niotiou cun be perfonncd us rapidly as nonnally. FoUowirig a rest period 
of several minutes, initiation of movement is again slmv ; for example, tlie 
patient cannot arise from a chair and immediately begin to run. He must 
start by walking slowly, then walk fast, then trot, and finally can run as 
fast as his classmates. He described nothing abnormal concerning his 
sensation of motion. The only other sjunptom of which the patient is 
aware is excessive hidrosis, which has been present since childhood. No 
loss of weight has been noted. 

Both the father and a younger sister are troubled Avith a similar condi- 
tion, but to a lesser degree. The sister has in addition a tendency to sore- 
ness and pain in the muscles and Joints. The mother and brother of the 
patient and other relatives, so far as is knoAvn, are free from any similar 
complaint, nor is there a reliable history of the condition in earlier genera- 
tions. 

His past medical history is negative. He is a senior in high school, and' 
engages in athletics. HoAvever, during the rest periods in any athletic 
contest, he must be in motion continuously to aAmid developing stiffness in 
the various muscles. 

Upon physical examination he was found to be a quite heavily muscled 
lad weighing 167 pounds stripped, 68 inches in height without shoes, intelli- 
gent and cooperative. Upon exertion of the slightest degree (such as slow 
Avalking), his face was bathed Avith droplets of perspiration and the skin 
became very pink. Examination of the heart, lungs and abdomen Avas 
essentially negative. Peripheral reflexes (biceps, triceps, patellar and 
Achilles) were normal. 

Initiation of movements Avas definitely retarded and • all motions Avere . 
begun quite sloAsdy. After repetition these gradually became faster. The 
disturbance Avas most marked in the extremities. After rising from a chair, 
the patient could not begin to take a forAvard step for several seconds and 
then advanced very sloAvly and "stiff-leggedly.” After a half dozen steps 
he could Avalk normally. Difficulty in initiating motion was most marked 
when the antagonistic muscles had been contracted strongly. For example, 
voluntary motion at the elboAV AA^as quite free if the range of motion Avas 
not great and if there Avas an effort to keep the limb relaxed. HoAV'ever, if 
the patient strongly flexed his forearm on the upper arm he could subse- 
quently extend it only slowly and AAuth effort. After gi’asping the examiner’s 
hand tightly, the patient could open his hand only Avith great difficulty; 
hoAA’'eA'’er, after repeating this several times, he performed this motion 
easily and quickly. 

Among the routine laboratoiy studies, the folloAving were normal; com- 
plete blood count, urinalyses, blood Wassermann Avith all antigens, blood 
urea nitrogen, blood sugar, serum calcium, phosphorus, and protein and 
the electrocardiogram. His basal metabolic rate Avas —14%. The thera- 
peutic effect of 25 gm. of glycin continued daity for 7 days was tried but no 
beneficial results Avere noted, and 24-hour specimens of urine showed no 
creatin during the period of administration. This occasioned no surprise in 
view of the dissimilarity betAA^een this condition and the forms of myasthenia 
and muscular dystrophy in AA'hich benefit has been reported from glycin 
therapy, 

A biopsy, taken from the left gastrocnemius muscle, AA^as examined by 
Dr. E. B. Krumbhaar and compared AAuth a similar specimen from a sup- 
posedly normal individual of the same age and sex. His report is as follows : 
“As compared Avith a slide of a noimal gastrocnemius (boy of 22, PGH. Aut. 
24731, October, 1934), the loss of compactness of each fiber is striking. 
The cross striations are verjr faint, the longitudinal fibrilli very prominent, 
often shredded out, AAnth no visible sarcolemma, so that boundaries of the 
muscle fiber occasional^ cannot l)e determined. The size of the longitudinal 



71S 


comroe: Thomsen’s disease 


cut fibci'ri is somewhat larger tliaii norma! — an average measurement of 
20 of each gives a diameter of (5S n, cs. 52 ^_of the normal. _ The difference in 
size is more marked in the cross-section (Figs. 1 and 2) which also shows the 
‘shredding’ effect, the average area of 20 libers being more than twice that 
of 20 normal fibers (diam. 76 I’s. 54 /i). A minor factor in this increase 
is the increased space between the fibrils. The muscle nuclei did not seem 
to be increased. Schiefferdecker’s (Deut. Ztschr. f. Nen’enlieilk, 25, 1, 1903) 
droplets or granules were not seen. The section is certainlj' not normal 
muscle tissue.” 

Electrical reactions, performed by Dr. hi. J. Cooper, revealed in tlm 
right anterior thigh muscles an increased muscular irritability to faradic 
current and some increased ii-ritabilitj’' to galvanic stimulation. The con- 
traction of the muscle was strong but its relaxation was distinctl}' slow and 
gradual. A.C.C. was approximately equal to K.C.C. In the left anterior 
thigh muscles, similar but less distinct reactions were obtained; in the ^If 
and peroneal muscles on each side there was increased faradic irritabilitj^ 
A.C.C. being approxiniately equal to K.C.C. , but no distinct sluggislmess 
of i-elaxatiou after electrical stimulation of these muscles was manifest. 
The excitability of the nerve trunks of the lower limbs w'as approximately 
normal. The muscles of the upper limbs showed verj' little abnormality 
in the response to electrical stimulation, except the posterior part of the 
right deltoid, which exliibited a slowness of relaxation after tetanic con- 
traction to faradic stimulation, and the intrinsic muscles of the hands, 
which showed a slight reduction of electrical excitability, and some sluggish- 
ness both of contraction and relaxation. 

Various muscles (left triceps and biceps, and right gastrocnemius) were 
tested with needle electrodes by Dr. G. Gammon. It was found that at 
the beginning of voluntarj' movements, especiallj’ if forced, a spasm resulted 
which could not be voluutarilj'- relaxed. Tliis contraction of the muscle 
was accompanied by normal action currents, and the failure to relax was 
not due to any wea^iess of the opposing muscles which were put into use to 
straighten out the limb. The action currents outlasted the patient’s knowl-, 
edge of contraction-. Repetition of the movement rapidly resulted in failure 
of appearance of the spasm. Xo action currents were present when the 
muscle w'as not in spasm. The effective spasm was present even tliough 
the opposing muscle was not throun into play. No studies were made on 
obtaining the phenomenon by reflex action. AU of the muscles studied 
showed this same effect. These action potentials are to be interpreted as 
arising from the contracting muscle and not from its nerve supply. One 
cannot definitely determine from these whether the origin of the spasm is 
nervous or muscular. 

Note. — Since this article was written, the patient was pl.aced on ephedrin sulphate, 
gr. ■, t. i. d. by mouth, with marked subjective improvement. 


Discussion, This case seems worthy of report because of the 
paucity in the American literature of accounts of families with this 
disease, and because of the unfamiliarity of many internists with 
the clinical picture. In fact, this patient had been treated elsewhere 
over a period of years with a diagnosis of arthi’itis because of his 
chief complaint of stiffness of the muscles and joints. The out- 
standing feature of the disease is the stift'iress of voluntary movement 
on effort. The myotonia may become much more marked under 
emotional stress or exijosure to cold. Warmth is said to decrease 
the tone. 

^ arious hypotheses have been advanced concerning the nature of 
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the disorder; these include a myopathy, disease of the sympathetic 
nervous system, endocrine dysfunction, and a parasympathetic 
disturbance of muscle tone in some way related to endocrinopathy 
(especially the thyroid or parathyroid glands) It has been reported^ 
that the individual muscle fibers possess an excessive proportion 
of undifferentiated sarcoplasm, wliich latter in contrast to the 
fibrillar element of muscular tissue, is said to contract and relax 
with a slow muscle wave, thus accounting for the sluggish contrac- 
tion and relaxation seen in this condition. 

Conditions sometimes confused with Thomsen’s disease include 
paramyotonia congenita, amyotonia congenita, myotonia atrophica, 
and progressive muscular dystrophy. The tonic spasms occurring 
in the voluntary muscles in paramyotonia congenita (Eulenberg’s 
disease) are induced by exposure to cold, and not by exertion. They 
are most commonly found in the face, and may persist for 10 to 15 
minutes. Amyotonia congenita (myatonia congenita, Oppenheim’s 
disease) is characterized by extreme flaccidity of muscles with 
diminished electrical excitability to faradic and galvanic .current. 
The extremities can often be placed in all sorts of abnormal positions 
of hyperflexion or hjqierextension without pain or discomfort. 
Myotonia atrophica is probably closely related to Thomsen’s dis- 
ease, occurring usually after the twentieth year, and in which general 
wasting is a conspicuous feature. Cataract is frequently found in 
families of the patients.® Pathologically the muscle fibers appear 
quite small, but contain all the markings of normal muscle tissue.® 

Under the heading of progressive muscular dystrophy (myop- 
athies) is considered a number of muscular disorders probably 
not of spinal origin. They differ from the true muscular atrophies 
according to Spiller® in that they are hereditary or familial, they 
begin early in life, there is usually involvement of the trunk, pelvic 
or shoulder girdle muscles before the distal portions of the extremi- 
ties, no true reactions of degeneration are present, and there are no 
fibrillary tremors. Of the more important subdivisions of the myo- 
pathies, three may be mentioned : the muscular pseudohypertrophy 
which affects chiefly the calves, and is accompanied by atrophy of 
the muscles of the tliighs, back, shoulder, scapula, and of the calves 
themselves at a later date.. Second, there may be noted the juvenile 
form (Erb’s type) in which the hypertrophy is noted especially in 
the muscles of the shoulder and pelvic girdles. Third, there is 
the Landouzy-Dejerine or facio-scapulo-humeral form in which no 
" hypertrophy is usually seen, but in which atrophy begins in the 
face and .shoulder girdle muscles. In the myopathies, Grinker 
states that the essential pathologic process is a large degree of swell- 
ing of the muscle fibers, with breaking up of the striations and the 
aiipearance of large fatty vacuoles in the sarcoplasm. 
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Summary. 1. A case of congenital myotonia (TJioinsen’s disease) 
is presented with a short rfenme of the important features of this 
disorder. 

2. Biopsy section of the affected muscle is presented. 
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Diseases of the Mouth and Their Treativjent. A Text-book for Prac- 
titioners and Students of Medicine and Dentistry, By Hermann 
Prinz, A.M., D.D.S., M.D., D.Sc. Dr. Med. Dent., Professor of Materia 
Medica and Therapeutics, The Thomas W. Evans Museum and Dental 
Institute, University of Pennsylvania, and Sigmund S. Greenbaum, 
B.S., M.D., Associate Professor of Dermatologj’" and Syphilology in the 
Graduate School of Medicine of the University of Pennsylvania . Pp . 602 ; 
287 illustrations and 11 colored plates. Philadelphia; Lea & Febiger, 
1935. Price, S9.00. 

There is everything to praise and little to criticize in this book. It is 
well bound, printed on glossy paper and the illustrations are abundant 
and excellent. The treatise begins with anatomy and physiology, contin- 
uing with methods of examination of the oral cavity and followed by 
generalities as to s 3 nnptomatology of disease of the mucous membranes, 
teeth and gums as well as oral hygiene and dental prophylaxis. After these 
preliminaries the special disease entities of the mucous membranes as well 
as of teeth and related areas of the skin of the face are dealt with indi- 
vidually and systematically. Particular emphasis is placed on pathology. 
It is difficult to understand how any dentist or physician, particularly the 
dermatologist, could do without this volume. F. W. 


To Remind; A Biological Essay. (The Abraham Flexner Lectures, 
Series No. 2.) By Sir William Bate Hardy, M.A. (Cantab.), F.R.S.,- 
Hon. D.Sc. (Oxon.), Hon. LL.D. (Aberdeen, Edinburgh, Birming- 
ham), Fellow of Gonville and Caius College; Director of Food Inves- 
tigation, Department of Science, Industrial Research, etc. Pp. 45. 
Baltimore; The Williams & Wilkins Company, 1934, for Vanderbilt 
University. Price, $1.00. 

The second series of the Abraham Flexner Lectures in the School of 
Medicine of Vanderbilt University was delivered in February and March, 
1931, by the late Sir William Bate Hardy. At the time of his death only 
the two lectures here published had been prepared for publication; a 
charming philosophic speculation on the riddle of life as exemplified in the 
fundamental living substance : protoplasm, and the asymmetry of molecular 
structure in living matter. R. K. 


The Principles of Therapeutics. (The Abraham Flexner Lectures, 
Series No. 3.) By FRiiNcis Richard Fraser, M.A. (Cantab.), M.D. 
(Edin.), F.R.C.P. (Lond.), Professor of Medicine in the University of 
London. Pp. 135. Baltimore; The Williams & Wilkins Company, 1934, 
for Vanderbilt University. Price, $2.00. 

The third series of the Abraham Flexner Lectures, delivered in 1933, in 
the School of Medicine of Vanderbilt University, in which Professor Fraser 
discusses for his student hearers the principles which underlie the rational 
treatment of disease, using as his texts; historic consideration of the devel- 
opment of therapeutics; the treatment of the causes of disease; treatment 
based on symptoms; the care of the patient. This little book should be 
read by all senior students. R. K. 
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Poliomyelitis. A Handbook for Physicians and hfedical Students. By 
John F. Laxdon, AI.D., Attending Pli 3 'sieian, Hbllard Parker Hospital; 
Special Consultant in Pediatrics, Woman’s Hospital, Neiv York, etc., 
and L.YWRENCE W. Smith, M.I)., Pathologist, Willard Parker Hospital, 
etc. With a Section on the orthopedic after-care of the disease Gabey' 
DeN. Hough, Jr., M.D., F.A.C.S., P.A.A.O.S., Attending Orthopedic 
Surgeon, Shriner’s Hospital for Crippled Children, Springfield, Mass. 
Pp. 275; IS illustrations. New York: The Macmillan Companj'-, 1934. 
Price, S3.00. 

“The 1931 New York Citj' epidemic of poliomj'elitis afforded the authors 
an unusual opportunitj’’ to observe an exceptionally large amount of clinical 
and pathological material .... Appro.ximatelj’' 1000 cases were 
admitted to the Willard Parker Hospital during that summer and SI 
autopsies were performed .... These and some 1400 additional cases 
occurring in the other communicable disease hospitals of the Department 
of Hospitals have been exliaustivety studied .... It is the aim and 
hope of the authors to present in this short volume a v’ell rounded and 
compact exposition of the disease, .... including an unbiased evalu- 
ation of serum therapj'-, the use of the respirator, the after care, etc., which 
will enable the general practitioner and the student to obtain a practical 
working knowledge of the disease.” The authors haAm achieved their aim: 
the book is a w'ell-balanced, concise, accurate presentation of the subject. 
Also worth}’' of mention are the appendices, describing the nursing care of 
poliomyelitis, the aseptic technique used in the Willard Parker Hospital, 
and the New York City Health Department regulations concerning this 
disease. R. K. 


Food and He.vlth. By Henry C. Sherman, Mitchill Professor of Chem- 
istr}’, Columbia University. Pp. 29G. New York: The Macmillan 
Company, 1934. Price, S2.50. 

The best presentation of practical dietetics for the well, who would 
remain so, that has come to the knowledge of the Reviewer. “’This book 
is not VTitten by a ph}’'sician nor for those who are ill; it is for those who 
wish to maintain and enhance their health, and the health of any others 
for whose food selection they may be responsible.” The AAoriter’s distin- 
guished achievements in the field of the chemistiy and physiolog}^ of nutrition 
eminently qualify him to present the subject. This he has done in a clear, 
lucid manner, and from a sound consen’-ative viewpoint. Written for the 
intelligent la}nnan, the book always presen’es a scholarly and scientific tone, 
not falling into the “journalese” style of so many medical books for lay 
consumption. It is warmly recommended to all readers, lay and medical, 
who wish an accurate, concise and practical exposition of our present-day 
knowledge of food and its relation to health. R. K. 


The New-born Baby. A Manual for the Use of Alidwives and IMaternity 
Nurses. By Eric Pritchard, M.A., M.D. (Oxon.), F.R.C.P. (Bond.), 
Medical Director, Infants Hospital, London; Pediatrician to Queen 
Charlotte’s Maternity Hospital, etc. Pp. 272; 9 illustrations. London; 
Henry Kimpton, 1934. Price, 4/6. 

This little book is sirapl}' and plainly written and contains adequate 
information for nur.se.s specially trained in obstotric.s or for midwives. All 
books of this type iwobably err on the side of presenting too much iirovender 
for part.akers of the fare. One notes slight difference.^ of o]nnion as to the 
use of certain materials and which may be common practice in England. 
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For instance, the author feels that any artificial food containing cow’s 
millv should be peptonized before being offered to a new-born infant. In 
the United States we arc apt to feel that boiling, or acidification, or both, 
modify the milk best. 

The author Unfortunatel 3 '’ introduces a controversial matter that might 
well be omitted . He feels that pyloric stenosis is acquired and not congenital 
—that it is the end result of' habitual vomiting. There are few who will 
agree with him. S. T., Jb.' 


The Vitamin B Requirement of Man. By George R. Cowgill, Ph.D., 
Associate Professor of Physiological Chemistry in Yale University. Pp. 
261; 8 illustrations, 81 tables and 8 charts. New Haven: Yale Univer- 
sity Press for The Institute of Human Relations, 1934. Price, S4.00. 
From data accumulated over a considerable period of research upon 
several species of animals (rat, pigeon, mouse and dog) and upon individuals 
of different size in the same species, Cowgill has derived a mathematical 
formula applicable to the vitamin B requirements of each species, the 
important variables in the calculation being weight, metabolism (calories) 
and maximum (or adult) weight. This formula he finds can be applied 
satisfactorily to the requkement of the human species. 

The monograph reviews m detail the experimental work and the steps by 
which the formula was derived and confirmed. It includes also tables of 
foodstuffs in terms of their unit content of vitamin B and analysis of the 
vitamin/calorie ratio of diets known to have produced or to have failed to 
produce beri beri, as reported in the literature of various epidemics of 
beri beri. The predicted result of such diets in terms of their adequacy in 
vitamin B is compared with the actual result (f. e., the presence or absence 
of beri beri). 

The book is written in terms that any well-informed reader can under- 
stand. A considerable bibliography is appended. E. W. 


American Medicine. By Henry E. Sigerist, The William H. Welch 

Professor of the History of Medicine, The Johns Hopldns University. 

Translated by Hildegard Nagel. Pp. 316; illustrated. New York: 

AV. W. Norton & Co., Inc., 1934. Price, 84.00. 

From the time of de Tocqueville just a century ago, some of the best 
evaluations of America have come from foreigners — not that we must any 
longer call Sigerist a foreigner, but such he was when this book was con- 
ceived during a tour of the country in 1931 and 1932. An account of the 
development of American medicine, this book opens with brief descriptions 
of Indian medicine, colonial times and non-medical United States, by way 
of background. The chapter on Pioneers, the longest in the book, carries 
us from John Morgan to Osier and the founding of the Johns Hopkins 
Medical School. In 56 short pages it gives in the author’s graceful, spark- 
ling style a fine bird’s-eye view of a full century — the discovery of anesthesia, 
for instance, being presented from an obviously adequate knowledge of the 
subject. The chapters on Medical Education and Aledical Science paint 
in swift bold strokes the lights and shadows of these developments, seen — 
as is perhaps natural— through Baltimore-tinted glasses. In the chapters 
on Physician and Patient, on Hospitals and Nursing, and on Preventive 
Medicine some of the social aspects of medicine in this country are touched 
upon in a way that is particularly illuminating, coming as it does at this 
time and from an accomplished historian and keen cosmopolitan observer, 
fresh on our scene. The extensive bibliography and indices testifj’’ to the 
large amount of ground covered; for an appreciation of the narrative charm, 
the book must be consulted at first hand. E. K. 



724 


BOOK KEKIEWS AND JfOTICES 


STAauiEKUVc: and Auaed Disordehs. By C. S. BdueiiIEL, M.A,, ]\I.D., 
F.A.C.P., M.R.G.S. (Eng.). Pp. 182, New York; The Macmillan 
Company, 1935. Price, S2.00. 

Coxsidekixg speech as a conditioned reflex, tlie writer theorizes that 
stammering results from fault 3 ’ inhibition which “checks, quenches, blocks 
or impedes” vocalization. It is suggested that the male preponderance- 
four to one— may be due to a less stable conditioned reflex. 

Primarihp the disorder shows partial inlhbition; later, the child maj’ 
become conditioned to various speech situations. If the stamnrering has 
l>egim abruptly, it maj' be aborted through rest and sedation. Failing in 
thi.s, fatigue and excitement should be avoided and the more technical pro- 
cedure, including “tran.squillization,” “reenforcement” and "uncondition- 
ing’' maj' be required. The text is lucid, the references abundant and the 
index informative. N. Y. 


The Technique of PosTitORTEJi Exajii.vatiox. As Practiced in the 
Pathological Institute of McGill University at the Ilo 3 ml Victoria Hos- 
pital, hlontreal. Compiled b 3 ’^ D. R. Coman, M.D., C.M., Assistant to 
the In.structor and Demonstrator in Pathological Anatom 3 '. Pp. _47; 
12 illustrations. Montreal : Renonf Publishing Compan 3 q 1934. Price, 
$1.40. 

A SMALL book on this subject, accurate and with adequate directions for 
performing necropsies, has long been needed to put into-the hands of the 
pathological aspirant. Except for the translation of Virchow's booklet, 
"Postmortem Examinations,” we know of none such in English, The 
present book, convenientl 3 '- arranged mth interleaved blank sheets, details 
the procedure used at the McGill Pathological Institute, In general, the 
technique is much like "^'irchow's. A few special procedures are added, 
together with a table of normal weights and a method for frozen section 
technique. With the iucreasmg recognition of the value of necropsies in 
medical schools and hospitals, it is not too much to expect that every grad- 
uate of a first class medical school should have learned the technique and 
occasional^’- perform a necrops 3 ’- — this booklet will show liim how. 

E. K. 


Die Xeurologie des 1.-7. Jahrhundebts N, Chr. Bine historisch- 
XEUKOI.OGISCKE Studie. Sammluiig Ps 3 ’chiatrischer und Neurologischer 
Einzeldai-stellungen. Band VI. By Dr. Walter Ckeutz, Oberarzt an 
der Prov.- Heil- und Pflegeanstalt, Diisseldorf-Grafenberg und der ps 3 'clu- 
atrischen Klinik der medizinischen Akademie, Diisseldorf. Pp. 106. 
Leipzig; Georg Thieme, 1934. Price, M. 7.80. 

Neurology has so recent^" become an independent specialt 3 '- in medicine 
that its age-old histor 3 '- has not acquired much of a separate footing. This 
book is a praiseworth}' attempt to sketch of the picture of classical neuro- 
logic knowledge during the first seven centuries of the Christian era, and 
of the seeds carried over through Arabian Medicine and the School of 
Salerno for the developments of the Renaissance and modern times. The 
first half of the book' considers, with liberal excerpts, the neurologic con- 
tributions of Celsus, Soranus (Caelius Aurelfanus), Galen, Aretaeus, Cassius, 
Oribasius, Aetius, Alexander of Tralles and Paul of Aegina. Tlie latter 
half of the book assembles the neurologic knowledge of the period under 
the beading of Anatom 3 ' and Pl^'siology, Paratysis, “Canina conTOlsio” 
(tic, facial pals 3 '?), sciatica, lumbago, apoplexy, “Diminutio cerebri” 
(cerebral thrombosis?), epilepsj'. E. K, 
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Blood Groups and Blood Transfusion. By Alexander S. Wiener, A.B., 
M.D. Pp. 220; 41 illustrations and 72 tables. Springfield, lU. : Charles 
C Thomas, 193 A Price, S4.00. 

M qrtini’s Principles and Practice of Physical Diagnosis. Edited by Robert 
F. Loeb, M.D., Associate Professor of Medicine, College of Physicians 
and Surgeons, Columbia University, and Presbyterian Hospital, New 
York. From the authorized translation by George J. Farber, M.D. 
Pp. 213; 30 illustrations. Philadelphia: J, B. Lippincott Company, 
1935. Price, S2.00. 

Prassi Medico-Forense. By Prof. Dott. Francesco Ballotta, Ainto e 
Docente neUTnstitute di Medicina Legale della R. University di Bologna. 
Pp. 167; 21 illustrations, some in colors. Bologna: Nicola Zanichelli, 
Editore, 1935. (Price not given.) 

The Cyclopedia of Medicine. Index to Volumes 1 to 12. George Morris 
P iERSOL, B.S., M.D., Editor-in-Chief, and Edward L. Bortz, A.B., 
M.D., Assistant Editor. Chief Associate Editors: W. Wayne Bab- 
cock, A.M., M.D., Conrad Berens, M.D., P. Brooke Bland, M.D., 
Francis I. Lederer, B.S., M.D., and A. Graeme Mitchell, M.D. 
Pp. 415. Philadelphia: F. A. Davis Company, 1934. Price, S120.00 
for set. 

The Dangerous Age in Men. A Treatise on the Prostate Gland. By 
Chester T. Stone, M.D., Clinical Assistant Surgeon, Urologic Division, 
Bellevue Hospital, New York City; Urologist, Bergen County Hospital, 
'Oradell, N. J.; Consultant Urologist, Rome State School, Rome, N. Y. 
Pp. 105. New York: The Macmillan Company, 1935. Price, S1.75. 

The Patient and the Weather. Vol. II. Autonomic Dysintegration. By 
William F. Petersen. With the assistance of Margeret E. Milliken, 
S.M. Pp. 530, lithographed; 249 illustrations. Ann Arbor, Mich.: 
Edward Brothers, Inc., 1934. Price, S6.50. 

International Clinics, Vol. I, Forty-fifth Series, 1935. Edited by Louis 
Hajiman, M.D., Visiting Physician, Johns Hopkins Hospital, Baltimore, 
Md., with 14 collaborators. Pp. 310; illustrated. Philadelphia: J. B. 
Lippincott Company, 1935. 

Among the authors of the 9 medical and 5 surgical papers appear such woll- 
known names as Wilder, Stroud, Haden, "Musser, Grier Miller, C. C. Norris and 
Hans Hanke of Freiburg. The Recent Progress articles are by Cantarow on 
Cholesterol Metabolism, and by Goodwin and Balfour on Surgery. 

The Nervous Patient. A Frontier of Internal Medicine. By Charles 
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University, Indianapolis. Pp. 453. Philadelphia: J. B. Lippincott 
Company, 1935. Price, §4.00. 

A Manual of Biochemistry. By J. F. McClendon, Professor of Physio- 
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NEW EDITIONS. 

What You Should Know About Heart Disease. By Harold E. B. Pardee, 
M.D., Assistant Professor of Clinical Medicine, Cornell University 
Medical School; Associate Attending Physician, New York Hospital, 
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Philadelphia: Lea & Febiger, 1935. Price, §1.50. 
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the patient to follow his physician’s directions intelligently.” (Publisher’s note.) 
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Diseases of the Skin. By Rich.vrd L. Sutton, M.D., Sc.D., LL.D., F.R.S. 
(Edin.), Professor of Dermatologjb University of Kansas, School of 
Medicine, and Richard L. Sutton, Jb., A.M., M.D., L.P.C.P. (Edin.), 
Assistant in Dermatologjb University of Kansas, School of Aledicine. 
Pp. 1433; 1310 illustrations and 11 colored plates. Ninth edition, 
retdsed and enlarged. St. Louis: The C. V. Mosbj" Companj', 1935. 
Price, SI2.0O. 

Methods of Treatment. By Logan Clendening, M.D., Clinical Professor 
of Medicine, Medical Department of the University of Kansas; Attend- 
ing Ph5'sician, Kansas City General Hospital, etc. With chapters on 
special subjects by H. C. Andersson, M.D., IJrsull.a Brunner, R.N., 
J. B. Cowherd, M.D., P.u l Gempel, M.D., H. P. Kuhn, M.D., C.vbd 
0. Rickter, M.G., F. C. Neff, M.D., E. H. Skinner, AI.D., E. P. 
DeWeese, M.D., and 0. R. Withers, M.D. Pp. S79; 102 illustrations. 
Fifth edition. St. Louis: The C. V. Mosby Company, 1935. Price, 
SIO.OO. 

Useful Drugs. ^ A List of Drugs Selected to Supply the Demand for a 
Less Extensive Materia Medica, with a Brief Discussion of Their Actions, 
Uses and Dosage. Edited by Robert A. Hatcher, Ph.M.,- Sc.D., 
M.D., and C.\ry Eggleston, M.D. Prepared under the direction and 
superAusion of the Council on Pharmacy and Chemistrj’- of the American 
Medical Association. Pp. 203. Ninth edition. Chicago: American 
Medical Association, 1934. Price, 60 cents. 

PlnJsiolog^J in Modern Medicine. By J. J. R. Macleod, M.B., LL.D., 
D.Sc., F.Il.C.P., F.R.S., Regius Professor of Physiologj" in the University 
of Aberdeen, Scotland, etc. Assisted in the present edition by Philip 
B.VRD, Professor of Physiologic Johns Hopkins Unii'ersity School of 
Medicine, Edward P. C.artek, Adjunct Professor of Meficine, Jolms 
Hopkins UniiTrsity and Associate Physician, Johns Hopkins Hospital, 
J . M. D. Olmsted, Professor of Physiologjc Unii'ersity of California, J. M. 
Peterson, Lecturer in Experimental Physiologjc University of Aber- 
deen, and N. B. T.aylor, Professor of Pl^siology, Universit}’' of Toronto. 
Pp. 1154; 297 illustrations, including 7 plates in colors. Seventh edition. 
St. Louis: The C. V. Alosby Compan}^ 1935. Price, S8.50. 

Diseases of (he Rectum and Colon and Their Stirgical Treatment. By J. P. 
Lockhart-Mummery, F.R.C.S. (Eng.), AI.A., M.B., B.C. (Cantab.). 
Senior Surgeon to St. Mark's Hospital for Cancer, Fistula and Other 
Diseases of the Rectum, etc. Pp. 605; 250 illustrations. Second edition. 
Baltimore: William Wood & Co., 1934. Price, SIO.OO. 
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THE TREATMENT OF HEART FAILURE AND ANGINA PECTORIS 
BY TOTAL THYROIDECTOMY. 

This radical therapeutic procedure was first suggested by Blumgart, 
Levine and Berlin^ less than 2 years ago. The genesis of tlie idea dates 
back to Levine’s^ observation of a single patient® upon whom a sub- 
total thyroidectomy had been performed in 1927 for the relief of clironic, 
intractable heart failure believed possibly to have been associated with 
latent or “masked” hyperthyroidism.^ Despite the fact that the thy- 
roid gland of this patient was found to be normal both grossly and micro- 
scopically, she recovered promptly from her congestive heart failure 
and remained well for 3 years. Thereafter mild congestive heart failure 
began to reappear and the patient succumbed to it 4| years following 
the operation. The remarkable results obtained in this patient led to 
the trial of almost complete subtotal tlryi'oidectomy as a means of 
relieving either intractable congestive heart failm-e or chronic, resistant 
angina pectoris in a small additional group of patients without clinical 
hyperthyroidism. 

Study of these additional patients showed that while such subtotal 
thyroidectomy would cause a marked fall in the level of the basal 
metabolism, this reached its limit in a few weeks, after Avhich it would 
return to normal or to the pre-operative level. Improvement in the 
cardiac symptoms was observed to be limited almost wholly to the 
brief period of lowered metaliolic rate, the congestive failure or angina 
then promptly reappearing. These observations, when considered in 
conjunction witli previous studies on the relation of the velocity of 
blood flow to the level of the basal metabolic rate,' led Blumgart to 
suggest the complete removal of the entire normal thyroid gland. 



728 


PROGRESS OP JfEDICAL SCIENCE 


Accordinglj’-, on December 16, 1932, tlie first operation for the com- 
plete therapeutic alfiation of a normal thyroid gland was performed 
by Berlin^ on a patient suffering from chronic rheumatic heart disease, 
mitral stenosis and insufficiency, auricular fibrillation, the anginal 
syndrome and cluronic intractable congestive heart failure. The imme- 
diate results were dramatic. All signs and sj’-mptoms of both the con- 
gesti\-e heart failure and the angina disappeared during convalescence 
from the operation, and less than 4 months after operation tlie patient 
was working 8 hours daily without cardiac symptoms. On the basis 
of tire striking benefits secm-ed in this first patient more than a hundred 
patients have already been subjected to the procedure.'’-’ 

Theoretical Eases Underlying Total Thyroidectomy. lis Rationale. 
With the development of more delicate and more accm’ate methods 
of investigation Blumgart®-® and liis associates embarked upon an 
extensive series of studies of variations in tlie rate of blood flow in 
man in health and disease. They showed that in normal persons the 
rate of blood flow was directly determined by the metabolic demands 
of the bod^x These, in turn, were measured by the metabolic pate. 
^’'iTienever the level of basal metabolism was elevated the velocity of 
lilood flow was found correspondingly accelerated, if the circulatory 
system were normal. Uncomplicated hj-perthyroidism was always 
accompanied by an increased rate of blood flow. Converselj’’, uncom- 
plicated mj’'xedema showed a diminished rate of blood flow. In each 
of these conditions tlie rise or fall in the velocity of blood flow was more 
or less directly proportional to the level of the metabolism. 

The presence of heart disease was observed not to upset this estab- 
lished relationship between metabolic rate and velocity of blood flow 
so long as tlie heart disease was fully compensated. When congestive 
failure was present tliis relationship no longer existed and the rate of 
blood flow was retarded even when the basal metabolism was normal. 
In patients showing I’arious degi-ees of congestive failure tlie retardation 
in the velocity of blood flow was more or less proportional to the severity 
of the cardiac failure. It was further observed that the rate of blood 
flow in mjocedema ivas often as slow as that recorded in cardiac patients 
who were decompensated, yet the rajocedematous patients were vdthout 
ewdences of circulatory failure. This observation led Blumgart to 
the deduction that, “The adequacy of a given speed of blood flow can 
be decided only in relation to tlie metabolic needs of the tissues.”" 

These and other related observations and considerations led Bluni- 
garU and liis collaborators to make the following statemenl: “The 
thought, therefore, arose that if tlie normal metabolic rate of the patient 
ndth congestive failure were reduced, his blood suppl}--, while not neces- 
sarilj’- altered, might nevertheless be sufficient for the lowered needs of 
his body. In terms of the law of supply and demand, the supply of 
blood in such a patient with congestive failure would not be inereased, 
but the metabolic demands of his body would be decreased to a level 
in conformity with Ins blood supply.” 

The modern conception of angina pectoris holds that the pain is due 
to the inadequacy of the coronary circulation in proportion to the work 
of tlie heart, tliat is, to the rate of cardiac metabolism. Total tlijToidec- 
toniy, while not increasing coronarj' blood flow, maj’- be e.xpected tlirough 
reduction in tlie metabolic rate of the heart muscle, to restore the bal- 
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ance i)et\veen these two factors and tliereby prevent the development of' 
tire attacks.* 

Support of the foregoing theory of the close relationships between 
the metabolic demands of the tissues and the production of heart failure 
of either the congestive or the anginal type is found in the clinical 
observations which have pre\dously been recorded in patients mth 
hyperthyroidism. Even as long ago as 1902, Kocher^® observed and 
recorded the relief of congestive cardiac failure following subtotal 
thyroidectomy. This has, of course, been abundantly confirmed by 
others, especially by the extensive studies of Hamilton^^ and by the 
observation of tire effects upon cardiac failure produced by diminishing 
basal metabolism in hyperthyroidism bj'' the administration of iodin.^^ 
The reports by Morris'^ of the beneficial effects of subtotal thyroidec- 
tomy in a group of thyrotoxic patients having normal or subnormal 
metabolic rates are also of significant bearing. In contrast to them 
there stand, however, numerous reports recording the failure to influ- 
ence cardiac and other circulatory symptoms by subtotal thjToidec- 
tomy performed on patients who were free from demonstrable thyro- 
toxicosis. 

Approaching the problem from tlie opposite angle, tlrere is a number 
of observations cited by Bl'umgart and his associates^ in which the 
elevation of basal metabolism by the administration of tliyroid to 
patients with myxedema was observed to produce attacks of angina 
pectoris and other symptoms of circulatory inefficiency. 

Selection of Cases for Further Study and Methods of Investigation. 
In order to put this radical therapeutic procedure to a thorough test 
and at the same time to avoid unnecessary risks cases were chosen with 
much care. Only such patients were selected whose prognoses for useful 
life were very doubtful or definitely poor. Yet no patient was selected 
who did not seem to be a fair surgical risk, or in whom the risks from 
the operation could not be made fair by pre-operative treatment. All 
patients with congestive failure had been under observation and treat- 
ment for considerable periods of time and all were such as could not be 
kept free from symptoms of failure when out of bed. Most, however, 
could be comfortable and without symptoms under treatment when 
bedfast. In every such patient any benefit which might follow total 
tliyi’oidectomy could justly be ascribed to the operation. Similar 
rigid criteria were applied to the selection of patients with angina. 
Each patient was generally studied independently by several physicians 
before final decision. Blumgart says,® “No better gauge of the predic- 
ament of most of these patients could be found than their pathetic 
desire to hazard any of the dangers involved in order to secure possible 
benefit after having suffered for many years and after having observed 
their condition become progressively worse in spite of medical treat- 
ment.” 

A wide variety of types of cardiovascular disease was included in the 
group selected. There were cases with arteriosclerotic heart disease 
udtii angina, some witli congestive failm-e, and some with hypertension 

* [Note: It is probable that the mechanism of the production of angina pectoris 
is not always so simple as this and involws one or more of several additional 
factors not the least of which appears to be the state of the central ner\'ous system. 
— ^EniTon.] 
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and paroxysmal dyspnea. Failure due to chronic rlieumatic heart 
disease was included, both inth and without auricular fibrillation. 
There was also right ventricular failure with cor pulmonale. Patients 
were rejected if they showed active rheumatic infection, recent vascular 
accidents, or were in the active stages of acute cardiac infarction from 
coronary thrombosis. S^Tihilitic cardiovascular disease was also rejected 
because of the knovm tendency of this form of failure to progress rapidly. 
All accepted patients were free from evidences of existing thyrotoxicosis, 
and none had a history of its previous existence. Postoperative study 
of the removed glands showed them to have been normal in every case 
but one. No physically immature patient was operated upon because 
of the risks of cretinism. Finally, no patient was accepted who could 
not give a clear and accurate account of his symptoms. 

Every patient was subjected to detailed clinical investigation both 
before and after the operation. These studies were generally made 
independently by several observers, and often extended over many 
weeks prior to operation in order to minimize the operative risks by 
suitable treatment. This pre-operative clinical study also served as a 
basis for accurate comparison of the changes which followed operation, 
hlany purely objective data were recorded routinely and as often as 
necessary both before and after the operation. These included deter- 
minations of the blood pressures, vital capacity, and body weight, all 
made under standardized conditions. Other data included teleoroent- 
genogranis of the heart, electrocardiograms, photographs of the patient, 
frequent determinations of the basal metabolism, measurements of 
\'enous pressure, determinations of the arm to tongue circulation time 
as an index of the rate of blood flow, and studies of the patient’s reac- 
tion to exercise as determined by the Master and OppenheimeF^ test 
carried out under standardized conditions.^" Finally in addition to 
routine blood chemical tests, studies were made on the level of the 
content of many constituents of the blood, especially phosphate, cal- 
cium and cholesterol. 

The Operation. Certain Prccaxdions; A7icsthma. The selection 
of the anesthetic which can be used in seriously ill patients Avith the 
smallest margin of risk is both difficult and of the utmost importance. 
At first gas and oxygen were employed, supplemented when necessary 
with small amounts of ether. However, among a comparatively small 
group of cases there were six deaths from postopei-ative bronchopneu- 
monia for winch the anesthetic was believed largely responsible. 
Avertin was abandoned after a stormy postoperative course in 1 case. 
Local anesthesia was tlien adopted at the suggestion of MixteF® with 
almost complete elimination of postoperative anesthetic mortality. 
The use of local infiltration anesthesia with procain rvas found to sim- 
plify the surgical technique by separating the tissue planes and render- 
ing certain steps easier. All of the postanesthetic deaths occurred in 
cases with congestive failure; anginal cases have been shown to be 
better surgical risks. Tlie infiltration carries with it the risk of tran- 
sient paralysis of the recurrent laryngeal nerve. This can be avoided 
by not infiltrating along the tracheoesophageal sulcus or deeply into 
tlie gland. 

Great caution must be o])served not to damage the recurrent laryn- 
geal nerve. The entire thyroid gland must be removed, and Berlin’* 



THERAPEUTICS 


731 


found in a series of 140 dissections that' tliis nerve partially penetrated 
the gland in 10%. In 25% the nerve passed through the area of fixation 
ot the gland to the trachea just below the anterolateral region of the 
cricoid bar at the level of the first and second tracheal rings — this is 
the so-called adherent zone. The dangers of laryngeal nerve paralysis 
can be avoided by remembering these two abnormal locations and by 
always identifying the nerves and preserving them intact by pains- 
taking blunt dissection. Of the nerves dissected 65% were found to be 
safely placed in the sulcus between the trachea and esophagus where 
they were well protected against operative injury. 

It was found possible further to insure against the dangers of recur- 
rent nerve damage and paralysis by observing the simple precaution 
of careful laryngoscopic examination^* before operation and again 
after the dissection of one lateral lobe of the gland had been completed. 
This required interruption of the operation for but a few minutes. ■ If 
such examination showed paralysis of the homolateral vocal cord, the 
operation was then terminated. If the nerve were proved to be unin- 
jured then the operation could be successfully completed as observations 
have shown that the paralysis of one vocal cord is not a source of danger 
to the patient. It was first thought, when the operation was performed 
under local anesthesia, that the voice test would be satisfactory in 
revealing a cord paralysis but this was proved not to be the case. By 
the observance of tliese precautions unilateral paralysis of the recurrent 
laryngeal nerve occurred in only 12 of 85 consecutive operations.^*'^^ 
In 9 the paralysis was temporary and was followed by complete recovery. 
Two patients who showed unilateral nerve injury by direct laryngo- 
scopy and in whom the operation was, therefore, terminated, recovered 
from their paralysis and the thyroidectomy was successfully completed 
by a second stage operation at a later date. 

Inasmuch as every vestige of the thyroid gland must be removed to 
prevent regeneration and restoration of normal basal metabolism, it 
is necessary for the surgeon to remember that the pjnamidal lobe is 
found in 35% of patients. This must be seai’ched for and dissected 
out with great care from between the trachea and esophagus. 

This review is not the place to discuss the details of surgical technique, 
and the reader is referred to Berlin’s*® original description as well as 
to the preceding papers.*®’*^ Surgeons should not undertake this opera- 
tion without the precautions of familiarizing themselves with the experi- 
ences of others and without at least a few practice operations upon the 
cadaver. While the necessity for painstaking dissection renders the 
operation rather time consuming, the fact that the thyroid gland is 
normal renders its removal not particularly hazardous per se if the 
patient has been adequately prepared. The 6 operative deaths previ- 
ously mentioned were the only ones in a consecutive series of 75 patients, 
gi\4ng an operative mortality of 8%. With the modifications, some 
of which have just been presented, tliere have been no operative deaths 
in the last consecutive 30 cases. 

Preservation of the Parathyroids, Owing to the necessity for the 
complete removal of the thyroid gland in this procedure, the danger 
of damage to the parathyroid glandules or their accidental removal is 
much greater than in tlie common operation of subtotal thjToirlectomy. 
Dissections upon tlie cadaver were carried out by Berlin-’® in order to 
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be familiar with the various locations in which these bodies were to 
be found and in order better to recognize them in the course of opera- 
tion. In 66% of a series of 60 patients, tlie parathjToids were found to 
lie just above the loAver poles of the thyroid gland where they were in 
close relation to the end branch of the inferior tJiyroid artery; 22% lay 
on tlie posteromedial aspect of the tlijToid close to the junction of the 
middle and upper third of the adjacent lobe. They were found to lie 
scattered in various locations in tlie remaining 12%. Berlin^® describes 
the parathyroids as yellowsh-brown, flattened oval bodies about tlie 
size of a split pea and having a finely granular surface, an appearance 
especially useful in helping to distinguish them from lobules of fat and 
from the brownish-red coarse fragments of accessory thyroid tissue. 
The number of parathyroids present is variable and it is often difficult 
to demonstrate more than 2 or 3 of them during operation. The inferior 
ones are observed to be placed more laterally and are often supplied 
by a long arterial twig, hence tlieir recognition and preservation is 
seldom difficult. 

Armed with much of tliis knowledge before beginning the surgical 
removal of tlie entire thyroid gland, Berlin was able to carry out the 
operation on 75 consecutive patients in only 14 of whom was there any 
subsequent evidence of parathyroid deficiency. In all of these 14, the 
deficiency was controlled either without medication or by the use of 
calcium alone for comparatively short periods of time. In only 2 
instances lias it been necessary to continue tlie administration of cal- 
cium and in these the mild symptoms of hypopai’atlijToidisra were 
completely controlled. It seems evident from tliese facts that tlie 
symptoms observed in these 14 patients were due not to the accidental 
removal of tlie paratlijToid glands but ratiier to temporary impairment 
of their functions as a result of transient interference witli their blood, 
lymphatic or nerve supply. Dming the course of tlie 75 operations, 
6 parathyroid glands were removed accidentally but in every instance 
the removed gland was reiniplanted in the sternomastoid muscle. 
The care exercised to identify these glands during operation was 
attested by the fact that examination of the tliyroid glands after removal 
revealed only two parathyroids. 

Changes Produced by Total Thyroidectomy. Their Mechanisms; 
Clinical Measurements. Marked reduction in tlie level of basal metab- 
olism was a constant result of total thyroidectomy. The metabolic 
rate probably begins to fall quite shortly after tlie operation, but it 
requires from 3 to 4 weeks for it to reach a level about 20% below that 
present before tlie operation. It is not until such a level has been 
attained that lasting beneficial results are to be expected, “ although 
some relief of symptoms is observed frequently before Biis lias been 
accomplished. It has been shown® tliat there is a close relationship be- 
tween tlie observed improvement of the patient’s circulatorj’’ state and 
the extent of fall in his metabolic rate. The metabolic level continues 
to fall and may reach to well below —40%. 

The sjunptonis and signs of nijocedenia appear at levels below about 
—30%, and increase in severity more or less in proportion as tlie level 
falls below this point. The unpleasant and possibly harmful symptoms 
of mjwedema can be controlled more or less completely by the adminis- 
tration of thyroid. The dose required seems to lie between 8 and 32 mg. 
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fall in metabolic rate responsible for the relief of failure tended to reduce 
the ^'ital capacity. The change whicli actually may be found in any 
given patient must, therefore, be the resultant of these two opposed 
influences. 

The blood pressm-e in congestive failure was not significantly or 
constantly influenced by total thjToidectomy. Alterations in tlie 
electrocardiograpliic findings were frequent and quite in line with the 
alterations previously observed in spontaneous mjrxedema."^ The 
outstanding changes were tliose of lowered voltage of the Q-RS com- 
plexes and less frequently lowering in the amplitude of tlie T-waves, or 
their flattening. Ectopic premature beats were observed to disappear 
in se\’eral patients. They returned in one when the basal metabolism 
was raised by the administration of thyroid, and again disappeared 
upon its discontinuance. 

One of the most striking alterations observed by tlie patients has been 
the frequent, prompt and complete relief of tlie pains and aches in tlie 
chest which often accompany congestive heart failure. These dimin- 
ished and then disappeared in proportion to the fall in the basal meta- 
bolic rate. Recurrent hemoptysis was also relieved in several patients. 
Despite tlie relief of the signs of congestive failure and the marked effects 
upon recurrent hemoptysis, total thyroidectomy has not been followed 
by encouraging or consistent results so far as the control of paroxysmal 
dyspnea is concerned. The explanation of this failure is not clear. 

Patients ndth the anginal type of cardiac failure seeniinglj' are more 
constantly and more greatly benefited by total thyroidectomy than 
are those manifesting congestive heart failure. A group of such patients 
has been subjected to a series of carefully controlled observations prior 
to total thju'oidectomy and at various times subsequent to tliat opera- 
tion. It was observed that the relief of anginal pain in a number of 
patients followed immediately after the operation. In this group the 
relief was exndently not attributable to alterations in tlie thj’roid func- 
tion and in basal metabolism as these require from 3 to 4 weeks for 
tlieir development. The mechanism of this early relief of anginal pain 
was investigated by Weinstein and his associates"® who found that the 
pain and the hyperesthesia and hyperalgesia of the chest might all 
be relieved within as little as 2 hours following completion of tlie opera- 
tion. They concluded that these immediate effects could be explained 
only on the basis of the sei-erance during the operation of afferent nerve 
paths from the heart. That it was not due to the functional blocking 
of these paths as a result of local anesthesia or of tlieir depression from 
trauma or postoperative inflammatory reactions was evident from tlie 
fact that the relief persisted. The explanation was furtlier confirmed 
by demonstration of similar but sti-ictlj' unilateral relief obtained in 
anginal patients subjected to heniithyroidectomy. The degree of 
relief tlius obtained ivas pronounced and sometimes complete, as con- 
firmed by the results of the comparative study of the response to a 
standardized exercise tolerance test repeated under controlled condi- 
tions. The relief was found to be essentially identical with that following 
cervical sympathectomy and paravertebral alcohol injections. In 
patients subjected to heniithyroidectomy the pain tended to reappear 
lifter periods of from 3 to G weeks. 

Patients subjected to total thyroidectomy frequently showed botli 
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ran parallel to the degree of the hypothyroid state. In tlie group which 
had previously had congestive failure there was no such relationship, 
the alteration in tlie size of tlie heart being the result of two opposing 
factors: diminution in heart size resulting from relief of congestive 
failure and enlargement of the heart due to myxedema. If the level 
of basal metabolism be kept at about —30% there seems to be little 
or no tendency for the signs or symptoms of hypothjuoidism to progress. 

In view of tlie established relationship between the level of tliyroid 
activity in thjTotoxicosis and spontaneous mjocedema and tlie level 
of the blood cholesterol content, studies were carried out to determine 
this relationship in the group of patients subjected to total tlijToidec- 
tomy.^’ The results showed that tlie level of cholesterol rises as the 
basal metabolic rate falls and parallels more or less closely tlie appear- 
ance of’clinical signs of h 5 ’'pothyroidism. Such changes begin to become ' 
appreciable witliin about a week after operation and are marked by 
the end of tlie first month. Although the basal metabolism does not 
fall significantly after the first month or 6 weeks, the cholesterol level 
continues to rise along with progression in the clinical signs of hypo- 
thyroidism. Clinical symptoms of hypothyroidism usually appear 
at blood cholesterol levels of about 300 mg. per 100 cc. and a basal 
metabolism rate of —30%. The administration of small doses of thy- 
roid extract not only causes an elevation in the depressed level of basal ' 
metabolism but diminishes the cholesterol content in the blood. 

Means and Lerman®^ point out from their prolonged clinical observa- 
tions that patients until spontaneous mj'xedema may be maintained 
in excellent healtli for many years by the appropriate use of tliyroid 
extract. Such patients have natm'ally a more even level, though 
greatly depressed, of basal metabolism than do normal patients and 
it is possible in such patients so to gauge the administration of tliyroid 
as to control both the symptoms of mjocederaa and to maintain almost 
any desired level of basal metabolism. Betu'een tlie levels of —20 and 
—30 such patients show generally but slight symptoms while, if the 
metabolic rate be elevated to about -f-lO, s 3 ’'mptoms of hyperthyroidism 
may make tlieir appearance. A daily dose of 32 mg. (| grain) of tliyroid 
will maintain tlie basal metabolic rate at about —20 in the average 
mj^xedematous patient. Their studies also showed that a long period 
of time is required for the development of cache.xia. 

In the present series of patients with artificial myxedema there has 
been to date no eiddence of development of progressive arteriosclerosis. 
Similarly, while many patients have shoivn a slight fall in botlx the 
numbers of red cells and the hemoglobin percentage, sucli clianges have 
not been progressive nor have they resulted in symptoms wliicli have 
required tlie administration of iron for the control of the anemia. 

The metabolism of sugar was investigated in a group of these patients 
by Gilligan^® who found it to be essentially uninfluenced as a result of 
the induction of hjqiotlijToidism in patients whose pre-operative sugar 
metabolism had been normal. The production of hypotlij’Toidism in a ' 
diabetic patient and in a patient who had h^Tierthyroidism resulted in 
marked decreases in hypergl.ycemia produced by ^e ingestion of glu- 
cose. • Extending tliis studj^ Abrams and Gilfigan^® found tliat in non- 
hj-perthjToid and non-diabetic patients the development of lijqio- 
tlij-roidism following operation was without influence upon their 
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response to tlie injection of 20 units of insulin. Furthermore, the evi- 
dences of mild hyperinsulinism occm-red at the same levels of blood 
sugar both before and after the development of hyperthyroidism. They 
conclude that the response of the sympathico-adrenal system is normal 
in these patients and that no antagonism exists between the internal 
secretion of the normal thyroid gland and the pancreas. 

Hypoparathyroidism. Among 73 consecutive patients upon whona 
total thyroidectomy had been performed none showed either spontane- 
ous spasm in the extremities or tetanic convulsions.^^ Twelve (17%) 
showed slight signs of mild hypoparathyroidism in 10 of whom these 
were transient, lasting for less tlian 2 weeks. The symptoms were 
limited to various degrees of paresthesia, to the appearance of Chvostek’s 
and Trousseau’s signs and slight but inconstant diminution in the level 
of serum calcium without consistent or frequent rise in inorganic serum 
phosphorus. The administration of calcium chlorid and an abundance 
of milk generally controlled the sjTnptoms promptly. Calcium lactate 
or gluconate was used where the patient did not tolerate calcium chlorid. 
In the 2 patients who showed a persistent mild hypoparathyroidism, the 
symptoms could be controlled successfully by the combination of 
viosterol with a liigh calcium intake.* 

Summary o£ Results. Present Criteria for the Selection of Patients; 
Additional Incidental Obsermtiom. Blumgart and his associates'^ 
have analyzed the results of total thyroidectomy performed on a group 
of 75 patients suffering from chronic heart disease without clinical evi- 
dence of thyrotoxicosis and in whom the ablated thyroid glands were 
proved, upon examination, to have been normal. All of the patients 
had been long incapacitated despite all efforts at relief by recognized ■ 
tlierapeutic measures. Fifty of the patients suffered from chronic 
recurrent congestive failure. In 29 of these the failure was due to 
rheumatic heart disease and in 17 to arteriosclerotic heart disease with 
or without hypertension. There were 2 cases with congenital heart 
disease and 1 each of sypliilitic heart disease and cor pulmonale. The 
ages ranged between 18 and 69 years. The sexes were equally repre- 
sented. 

The degree of clinical improvement produced by the operation was 
judged by changes in the usual clinical signs of congestive failure such 
as pulmonary congestion, ortliopnea, edema, cyanosis and the like as 
well as by tire patient’s responses to various functional tests. Twenty- 
four have maintained compensation sufficiently to be able to work for 
periods varjdng from 2 to IS months. In 6 congestive failme recurred 
temporarily but responded to the usual methods of treatment. There 
were 6 operative deaths and 6 deatlis occurred at periods too late to be 
attributable directly to the operation. Two patients were not benefited 
by the operation. Of the compensated cases, 8 have maintained tlieir 
compensation for periods of a year or more. Among those showing 
recurrent failure the cause could not be determined in 3. The recurrence 
was due to overactivity in 1 ; to tlie reappearance of bronchial asthma 
and to tlie discontinuance of digitalis in 1 each. Among tliose who died 

* [Note; I have been obsennng one of these patients who, after nearly 18 months 
remains on the borderline of hypoparathyroidism which necessitates his receiinng a 
high calcium intake and a small daily dose of parathyroid extract, without which he 
promptly approaches having tetany. — Editor.] 
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lietM’oeii 3 weelvs and a j^ear postopera ti\'e, death was due to cardiac 
failure in 3; to ccrehral cinholiis and pulmonary edema in 1 each and to 
unknown causes in the sixth. Of 32 patients with angina jjcctoris wlio 
were operated upon, in 19 angina Avas the major disabling factor. In' 5 
of the remainder cardiac astlnna was of first importance and in 8 con- 
gestive failure. The anginal syndrome was sufficiently pronounced in 
2.5 of this group to permit the evaluation of the effects of operation. 
In this controlled group, S hax'e shoivn no recurrence of angina over a 
period of 3 to IS months in spite of marked physical actixaty.* FIa'c 
previously completely incapacitated have had only occasional attacks' 
since operation and their range of activity has been markedly increased 
so that they could retmm to some form of occupation. In 2 patients 
anginal attacks haA^e recurred after a period of complete relief in tlie 
one folloAving an accident, in the otlier, a coronaiy occlusion. Marked 
increase in the level of metabolic rate produced by thyroid adminis- 
tration caused recurrence of angina in 3. One patient in the anginal 
group died folloAving coronar^'^ occlusion 3 months after operation after 
a period of complete relief from angina. x\ll but 4 shoAved more or less 
marked increase in their tolerance to exercise. These 4 have attacks 
of angina in response to exercise -ivliich have been quite uninfluenced 
by operation and have been unable to resume any form of Avork. Three 
of tliese 4 unsuccessful cases AA-ere patients haA'ing Ioav preoperative 
basal metabolic rates ranging betAA-een —19 and —24%. 

Experience to date indicates that the best results from total tlijuroidec- 
tomy are to be obtained in those patients Avitlr chronic congestive failure 
due either to rheumatic or hAq)ertensive arteriosclerotic processes aa'Iio 
can be restored to compensation Avhen at resf in bed. Those aa’Iio do 
not respond to rest in bed in conjunction AA'ith tlie customary methods 
of medical treatment, on the other hand, are likely to derive relatively 
little benefit from tlie operation and are also such poor surgical risks as 
to make the operation too hazardous. Since the basic theory under- 
lying this method of treatment rests upon a restoration of the normal 
balance betAA'een the heart AA'ork and basal metabolism, the choice of 
patients should for the most part be limited to those AAdiose pre-operatiA^e 
metabolic rate is not more than about 15% beloAV normal standard. 
Experience has shoAAm that patients falling beloAv tliis IcA'el shoAV very 
little benefit. Similarly in the case of the anginal group of patients 
tiiose Avitli significantly depressed basal metabolism shoAv little improve- 
ment and tlie best results are obtained among patients AAdiose attacks 
of angina occur upon very mild exertion but not Avlien tlie patient is 

* [One of these patients has been studied recently in our clinic. He was operated 
upon in November, 1933, with complete relief for several months and a great increase 
in his c.vercise tolerance without the induction of angina. For many months past ho 
has, howei-er, suffered greatly from the discomforts of his my.xedema at a metabolic 
level of about —25%. If his dose of thyroid is increased and his metabolism thereby 
elevated just enough to make his myxedema bearable ho suffers from his angina 
alx)ut as severely as before operation. Even with a —23% level of metabolism ho 
has angina on cool days, on climbing slight grades, and has been quite unable to 
work. Tested on the standard steps in a warm room anginal pain now returns after 
the same amount of effort which was required just prior to operation. The patient 
stated that if he had known in adi’ance what the discomforts of moderate my,\'edema 
were, he doubts if he would have undergone tbjToideotomy. In his case it is prac- 
ticallj' impossible to .adjust the administration of thyroid so that both his angina and 
his myxedema are liearablo. — Editok,] 
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at rest. If a sufficient period of time be allowed to elapse following its 
occurrence the previous development of coronary occlusion is not a 
contraindication to tliyroidectomy. No patient should be operated 
upon who shows evidences of active infection, recent vascular accident, 
pronounced renal disease or the evidence of active rheumatic disease. 

Certain changes have come about in the pre-operative preparation 
of patients in addition to tliose already cited. Not only should every 
effort be made to restore compensation but in patients suffering from 
auricular fibrillation, it seems advisable to use rather larger doses of 
digitalis than otherwise just before operation so as to make sure of 
controlling ventricular rate. Whatever sedatives may be needed should 
be well tried out dmring the pre-operative period of study to determine 
the patient’s reaction and to exclude the presence of idiosyncrasy. As 
little sedative as possible should be used during the operative period. 
The employment of oxygen therapy may diminish operative results in a 
certain proportion of cases. 

Postoperative Medical Management. Except for the necessity of 
regulating the level of hypothyroidism, there is generally very little 
medical care required following operation in patients witli angina 
pectoris."*^ Many of these patients may be allowed to be up as shortly 
as 48 horn’s after operation and may even be discharged from the hos- 
pital within a Aveek to 10 days. It is, however, better to retain such 
patients under hospital control sufficiently long to see them tlirough 
their adjustment periods and if possible to establish appropriate con- 
trol of their metabolic level by thyroid administration. 

Patients operated upon for tlie relief of chronic congestive heart 
failure generally require more prolonged postoperative convalescent 
care. Where compensation can be restored completely before operation, 
the period of postoperative conA'^alescence rarely needs to exceed 3 
Aveeks but the usual regimen for the control of chronic heart failiue 
should be continued. There should be a gradual adjustment in the 
amount of physical effort permitted. The administration of digitalis 
should be continued in doses appropriate to the needs of the indiAudual 
patient. This is especially important dvuing the first 4 to 6 Aveeks, the 
period before hypothyroidism becomes well established. In all cases, 
but especially in those with preAuous congestive failure, the resumption 
of physical actiAuty as Avell as the degree of actiAuty alloAved should be 
gradual and should be permitted only under close supervision. In this 
group Avith prcAnous congestiA'^e failure, hlixter, Blumgart and Berlin’® 
recommend that the patient be kept for the most part at rest in bed 
until basal metabolism has fallen to at least —20% in order to protect 
the patient against the recurrence of congestiA^e failure from the too 
prompt resumption of activity. The management of the cardiac con- 
dition in such patients is generally the same after operation as before 
so far as drugs are concerned and it is commonlj'’ necessary for such 
patients to continue tlae use of digitalis especially those shoAving auricu- 
lar fibrillation. 

Comment. The introduction of a ncAv therapeutic agent or proced- 
ure, especially Avhen its results appear dramatic, is likely to be receiA^ed 
Avith excessive and often uinvise entliusiasm. The critically" scientific 
attitude of the proponents of total tliyroidectomy, together Avitli their 
manifold precautions in the selection and care of otherAvise seemingly 
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hopeless cases so imbues all of their papers TOtli conservatism tliat an 
excess of unbridled enthusiasm may have been prevented. If tliis be 
true, tlien the lapse of time should permit tliat controlled study of total 
tliyroidectomy wliich must be undertaken on a purely experimental 
basis before it can be safely accepted, rejected or admitted into rational 
tlierapeutics on a nai’rowly j’^et soundly restricted basis. It is certainly 
not yet the time to attempt conclusions as to its true place as a remedial' 
measure. Much more knowledge concerning all of its results must be- 
accumulated before that can be done. At present it should continue 
to be regarded as an experiment of some promise. 

Among the many problems raised, tlie following seem of most imme- 
diate importance. Are tlie results in cases of congestive failm'e enough 
better than tliose of tlie best medical treatment*^ to justify either 
the risks involved, or the veiy considerable handicaps and discomforts 
of myxedema? I^Tiat proportion of patients Mtli congestive failure 
cannot be maintained in a reasonably satisfactory condition by tlie best 
possible medical ti’eatment? It would appear to be extremely small if 
those be excluded in whom the heart lesions are inevitably progressive. 
If thjToidectomy is of real benefit in this small group, can we develop 
still better and more accurate methods for their recognition? Is there 
any eiddence to suggest that the progress of tlie underlying disease of 
the heart or arteries is altered by thjToidectomy? Does artificial 
mj^cedema induce vascular changes like those found in the spontaneous 
disease, or does it promote the advance of such changes as may already 
be present? In what percentage of patients can thyroidectorhy be 
anticipated to maintain cardiac compensation for more than one year? 
Is the duration of reasonably comfortable life materially prolonged? 

The results of tlijToidectomy appear to be somewhat better and 
more likely to be secured in patients vith angina and in tliose vutli 
cardiac astlima tlian in other tjiies. In some the results have been 
truly dramatic. Can we improve om- present methods for selecting 
patients who will fall in tliis latter group? Many of tlie problems are 
tlie same for the anginal cases as for tliose with congestive failure and 
do not need repetition. It remains to be determined what percentage 
of anginal patients will be relieved for as long as one year. It is not 
always possible to control the sufferings of mjocedema witliout reinduc- 
ing angina. In what proportion of patients is such an adjustment 
feasible? Is the comfortable life of the anginal patient significantly 
prolonged? Is life expectancy lengthened? 

Space prevents furtlier comment along these lines, but it must be 
pointed out that cardiac failure occurs spontaneously in persons.ivith 
low basal metabolism and even in tlie presence of spontaneous mj^c- 
edema. It seems justifiable,' therefore, to raise the question: Is total 
thjToidectomy a procedure of more than temporar5'- value? 

Whatever the ultimate status of total ablation of tlie normal thyroid 
gland may be proved to be, its proponents deserve high praise for the 
theoretical soundness of their conceptions, tlieir originality, their 
caution and their courage. 

Cary Eggleston, M.D. 

REFERENCES. 

1. Blumgart, H, L., Levine, S. A., Berlin, D. D.: Arch. Int. Med., 61, 866, 1933. 

2. Eosenblum, H. H., and Leidne, S, A.: Am. J. Meb^ Sci., 186, 219, 1933. 



THERAPEUTICS 


' 741 


3. Levine, S. A., Cutler, E. C., and Eppinger, E. C.: New England J. Med., 
209, 667, 1933 (Case 1). 

4. a. Levine, S. A., and Sturgis, C. C.: Boston Med. and Surg. J., 190, 233, 1924. 
h. Levine, S. A., and "Walker, G. L.: New England J. Med., 201, 1021, 1929. 
c. Levine, S. A.: Ann. Int. Med., 4, 67, 1930. 

5. Blumgart, H. L., Riseman, J. E. F., Davis, D., and Berlin, D. D.: Arch. Int. 
Med., 52, 165, 1933. 

6. Blumgart, H. L., Berlin, D. D., Davis, D., Riseman, J. E. F., and Weinstein, 
A. A.: J. Am. Med. Assn., 104, 17, 1935. 

7. Levine, S. A.: Ibid. (Discussion, pp. 24 and 25).' 

8. Blumgart, H. L.; Medicine, 10, 1, 1931. 

9. Blumgart, H. L., Gargill, S. L., and Gilligan, D. R.: J. Clin. Invest,, 9, 91, 
1930. 

10. Kocher, A.; Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1, 1, 1902. 

11. a. Hamilton, B. E.: Boston Med. and Surg. J., 186, 210, 1922. 

6. Hamilton, B. E.: J. Am. Med. Assn., 83, 405, 1924. 

12. Plummer, H. S.: Ibid., 80, 1955, 1923. 

13. a. Morris, R. S.: Am. J. Med. Sci., 181, 297, 1931. 
fe.- Morris, R. S.; Am. Heart. J., 6, 730, 1931. 

14. Master, A. M., and Oppenheimer, E. T.: Am. J. Med. Sci., 177, 223, 1929. 

15. Riseman, J. E. F., and Stern, B.: Ibid., 188, 646, 1934. 

16. Mixter, C. G., Blumgart, H. L., and Berlin, D. D. : Ann. Surg., 100, 570, 1934. 

17. Berlin, D. D., and Blumgart, H. L.; New York State J. Med., 34, 1047, 1934. 

18. Freedman, L. M. : Arch. Otolaryn., 19, 383, 1934. 

19. Berlin, D. D.: Am. J. Surg. (N. S.), 21, 173, 1933. 

20. Berlin, D. D., Blumgart, H. L., "Weinstein, A. A., Riseman, J. E. F., and 
Davis, D.: New England J. Med., 211, 863, 1934. 

21. Blumgart, H. L., Berlin, D. D., Davis, D., Riseman, J. E. F., and Weinstein, 
A. A.: Ann. Int. Med., 7, 1469, 1934. . 

22. Drinker, C. K., Peabody, F. W., and Blumgart, H. L.: J. Exp. Med., 35, 77, 
1922. 

23. Peabody, F. W., and Wentworth, J. A.: Arch. Int. Med., 20, 443, 1917. 

24. Blumgart, H. L., Gargill, S. L., and Gilligan, D. R.; J. Clin., Invest., 9, 91, 
1930, 

25. Ohler, W. R., and Abramson, J.: Arch. Int. Med., 63, 165, 1934 (with com- 
prehensive bibliography) . 

26. Weinstein, A, A., David, D., Berlin, D. D., and Blumgart, H. L.: Am. J. Med. 
Sci., 187, 753, 1934. 

27. Eppinger, E. C., Levine, S. A.: Proc. Soc. Exp. Biol, and Med., 31, 485, 1934. 

28. Levine, S. A., Emstene, A. C., and Jacobson, B. M.: Arch. Int. Med., 45, 
191, 1930. 

29. Shambaugh, P., and Cutler, E. C.; Am. Heart. J., 10, 221, 1934. 

30. Sutton, D. C., and Leuth, H. C,: Arch. Int. Med., 45, 827, 1930. 

31. Zondek, H.: Miinch. Med. Wchnschr., 65, 1180, 1918; 66, 681, 1919. 

32. Fahr, G.: J. Am. Med. Assn., 84, 345, 1925. 

33. Tung, C. L.: Am. Heart. J., 6, 734, 1931. 

34. Ayman, D., Rosenblum, H., and Falcon-Lesses, M.: J. Am. Med. Assn., 98, 
1921, 1932. 

35. Lerman, J., Clark, R. J., and Means, J. H.: Ann. Int. Med., 6, 1251, 1933. 

36. Davis, D., Weinstein, A. A., Riseman, J. E. F., and Blumgart, H. L.: Am. 
Ht. J., 10, 17, 1934. 

37. Gilligan, D. R., Volk, M. C., Davis, D., and Blumgart, H. L.: Arch. Int. 
Med., 54, 746, 1934. 

38. Means, J. H., and Lerman, J.: Ibid., 55. 1, 1935. 

39. Gilligan, D. R., Abrams, M. I., and Stern, B.: Am. J. Med. Sci., 188, 790, 
1934. 

40. Abrams, M. I., and Gilligan, D. R.: Ibid., p. 796. 

41. Gilligan, D. R., Berlin, D. D., Volk, M. C., Stern, B., and Blumgart, H. L.: 
. J. Clin. Invest., 13, 789, 1934. 

42. Blumgart, H. L., Berlin, D. D., Davis, D., Riseman, J. E. F., and Weinstein, 
A. A.: J. Am.. Med. Assn., 104, 17, 1935. 

43. Eppinger, E. C., and Levine, S. A.: Ibid., 102, 2070, 1934. 

44. Friedenson, M.: New York State J. Med., 35, 165, 1935. 

45. Eggleston, C.: Personal observations, unpublished, 

(Titles have been omitted for sake of brevity.) 



742 


PROGRESS OF JffiDICAL SCIEXCE 


RADIOLOGY 


UNDER THE CHARGE OF 

ALBERT MILLER. M.D.. 

AND 

CHARLES a SUTHERLAND. M.D., 

CONSULTING PHYSICIANS, SECTION ON ROENTGENOLOGY, MAYO CLINIC, 
ROCHESTER, MINN. 


RADIOTHERAPY. 

The specific sensitiveness of each kind of cell looms np as the dom- 
inant single fact in radiology, and, Desjardins' asserts, if reaction time 
is taken as a criterion, deserves to be recognized as a law. The sensi- 
tiveness peculiar to each kind of cell appears to be related chiefly to 
tlie natural life cycle. Thus the lymphocytes, tlie metabolic cycle of 
which among human cells is the shortest, are the most radiosensitive, 
while tlie nerve cells, tlie life cycle of whicli is the longest, are the most 
resistant to in'adiation. The notion that pathologic cells are more 
radiosensitive tlian normal cells of the same kind is valid only to tlie 
extent that the rate of mitosis of cells is affected by tlie pathologic 
disturbance. The significance of this factor, therefore, is limited to 
tumors and to processes of which cellular hyperplasia is an important 
feature. Such influence is small as compared until tlie specific natural 
susceptibility of each variety of cell and with the age or metabolic 
status of the cells. Cellular radiosensitiveness, therefore, is the natural, 
reactiinty of different kinds of cells to a given quantity of radiation of 
a certain quality (average wave lengtli) when the cells are exposed in 
a certain way (scheme of irradiation) as estimated clinically by an 
experienced radiologist. Radiosensitive tumors are growtlis tlie sensi- 
tiveness of wliich is greater than that of the sldn; moderately radiosen- 
sitive tumors have a sensitiveness approximating tliat of tlie sldn, and 
radioresistant tumors one less tlian that of tlie skin. Certain factors 
are known to cause variations in tlie radiosensitiveness of neoplasms, 
among tlieni maj' be mentioned impairment of blood supply, disturbance 
in anatomic relations, acting mainly by interfering u-itli tlie circulation 
and lymphatic drainage and by inducing tlie formation of connective 
tissue, cachexia by reduction of the patient’s resistance, sepsis, the 
influence of which is not understood, and prei-ious irradiation. ‘ Lessened 
radiosensitiveness from pre\nous irradiation probably results from the 
gradual secondary proliferation of connective tissue which follows the 
destruction of malignant cells, as well as from the increasing inhibition 
of mitotic activity of the malignant cells from repeated irradiation and 
also from diminishing blood supply. Numerous attempts to increase 
the sensitiveness of tumors have been made by injecting intravenously 
various dyes and other substances, hut the re.snlts have not been sufti- 
ciently striking and conclusive to command wide acceptance. Dcsen- 
sitization of the skin by reducing the circulation tiu-ongh the cutaneous 
vessels by pressm-e during the time of irradiation has not been con- 
spicuously successful. 
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Landauer,^ in reviewing the physical aspects of A^arions qualities of 
radiation, feels that only that radiation which is absorbed produces 
any biological reaction. The greater the quantity of radiation absorbed, 
the greater will be the beneficial effect. The harder the radiation; the 
greater the quantity absorbed as it is measured from depth dose meas- 
urements. Graver and MacComb,^ reviewing their experience with the 
Heublein method of continuous irradiation at low intensity, over periods 
of several days to 3 weeks, of the entire body, with target-sldn distance 
of over 5 meters, consider it a valuable addition to the treatment of 
several radiosensitive tumor processes, such as leukemias, lymphosar- 
coma, Hodgkin’s disease and multiple myeloma, and tliat its results in 
the treatment of chronic lymphatic leukemia and pseudoleukemia are 
superior to tliose obtainable by local irradiation. They found it to be 
of only slight value in the treatment of radioresistant tumors. 

Elliott and Jenkinson'^ report a case of ulcerations of the stomach and 
small intestine following Roentgen tlierapy, with perforation and death. 
Kaplan^ A^ery comprehensively rcAueAVs the problem of the care and 
treatment of chronic cancer cases. He groups these as (1) those for 
Avhom something radical can be done in the form of intensiA^e treatment, 
and (2) those for Avhom only such measures can be undertaken as Avill 
relicA'^e mechanical or functional disturbances of normal body condition. 
The chronic cases are divided into those which may be treated (a) as 
ambulatory cases in the routine folloAv-up clinic, (6) in the home, and 
(c) in the hospital. 

Eller® asserts tliat the therapeutic potency of Roentgen rays is Avell 
established and leads the field of dermatological physical therapy. In. 
some cases, such as mycotic infections (ringworm and favus) of the 
scalp, keloidal formations and hyperidrosis, Roentgen rays alone can im- 
prove the condition. In other conditions, such as plantar Avarts, beard 
infections and epitheliomas, this method of tlierapy is most valuable. 
In psoriasis, eczema, lichen planus, ringworm of the glabrous skin, 
certain epitheliomas, etc., Roentgen rays are used in combination Avith 
other medical and surgical procedures Asutli advantage. Radium, even 
though it is not used as extensiA'ely as Roentgen rays, is often a great 
aid to the dermatologist. It has a distinct advantage in the treatment 
of certain lesions, such as epitheliomas or keratoses located near tlie 
inner canthus of the eye or alre of the nose. Also radium gives by faiv 
the best cosmetic results in angiomas and certain other Avascular ncAu. 

Grenz rays are Roentgen rays of e.xtremely long AvaA^e length (S to 
10 kv.) and are useful in: multiple flat epitheliomas of the skin; A^errucre 
planje of the bearded region or otlier areas of the skin; localized neuro- 
dermatitis; eczematous conditions of the scalp, eyebrows and eyelids; 
certain cases of dermaphj^tosis of the glabrous skin; sarcoids; and super- 
ficial lesions of lupus Amlgaris. Roentgen rays are used in dermatology 
for the folloAving: Conditions in AAdiich it is desirable to epilate hair 
temporarily, such as tinea capitis, faAuis, sycosis and ncAuis pilosus; to 
reduce the activity of the sebaceous glands, as in acne vulgaris, acne 
rosacea and seborrhea; to inhibit the function of the sweat glands, as 
in hyperidrosis, broinidrosis, chromidrosis, pompholyx and hj'dro- 
cystoma; to change the metabolism of the regional cells or produce ‘an 
environment that is less favorable for the growth and reproduction of 
bacteria and fungi, as in skin tuberculosis, sycosis Amlgaris, fungus infec- 
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tions, selected cases of furunculosis, acne varioliformis, etc.; and for 
the relief of pruritus. jNIost superficial therapy is done with unfiltered 
radiation. Only a few dermatoses are treated by filtered Koentgen rays. 
In sufficient doses, soft Roentgen rays can produce a caustic and destruc- 
tive effect. The dosage of Roentgen rays has been based upon tlie 
skin unit, i. c., the 'dose required to produce a temporary epilation of 
the hair of the scalp. Translated into roentgens, one sMn imit is 
equivalent to about 350 r. Variations in susceptibility to irradiation 
play an important part in the production of sequelce. Telangiectases 
subsequent to irradiation usually occur within 2 years, altliough they 
may not appear until the thud, fourth or even the fifth year. 

In radiation therapy of cancer of tlie skin, Grier’^ advises irradiation 
as the treatment of choice; unfiltered radiation is preferable, and 
massive doses produce the best results in his experience. Seven times 
an erythema dose is the minimum that should be used. He bases dosage 
on the physical characteristics and the liistory of the lesion rather than 
upon microscopic findings. An analj'sis of his own cases con%dnces him 
that tlie most common cause of failure or recurrence is underdosage. 
In the treatment of psoriasis in Bellevue Hospital, Rosh® has used 
Roentgen irradiation of tlie sympatlietic nervous system, wdiich at the 
same time affects the thymus tissue. The application of high voltage 
Roentgen rays to the spine at those levels W'hich correspond with the 
nerve supply to tlie affected parts first increased the itching, but this 
wns soon follow'ed by complete cessation of this symptom. After 
3 weeks’ treatment the color faded from tlie center of the affected areas, 
tlie scales became loosened, and tlie surrounding infiltration in the skin 
was diminished. In most cases a second series of treatments was given 
after a period of G to S weeks, during which time a majority of the 
areas were replaced by a brownish pigmentation. Complete disappear- 
ance of tlie lesions occurred in 3 to 6 wneks after the administration of 
the last treatment. In some persistent cases, a year elapsed before tlie 
body was free from psoriasis. 

In the treatment of acne vulgaris with Roentgen rays, MacKee and 
Ball® reported 60% of their patients clinically ciued with one course of 
treatment, i. c., in 4 months or less. Recurrences totaled approximately 
11%. Without Roentgen ray treatment there w'ere approximately 40% 
failures; with Roentgen ray treatment tlie failiues amounted to about 
5%. In tlieir experience, radiotlierapy offers tlie most certain me^od 
of obtaining a clinical, and even a permanent cure, in the shortest time. 
Morrow and Taussig'® discuss radium dosage and technique in benign 
lesions of tlie skin. In their experience there are but few conditions 
responding to radiation in which tlie Roentgen ray is not at least equal 
to radiurh. Radium is generally considered superior, or at least equal, 
to the Roentgen ray and other forms of therapy in vascular neri, neims 
flammeus (port-wine mark), neims vasculosus (strawberry mark), 
cavernous hemangiomas and fleshy ne\i; none of these should be treated 
by Roentgen therapy. Roentgen radiation is usually preferred in 
keloids. Roentgen rays and radium are equally efficacious in the treat- 
ment of verrucse; the same applies in sjmorial cysts, and radium is 
preferable for epulis in the vascular tjqie occiuring betw'een tlie teetli; 
the other tjqies are most satisfactorily treated by electrothermic siu- 
gical methods. The greatest danger in the use of radium in the therapy 
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of dermatologic conditions is tlial of late seqnclic; telangiectases, 
atrophy, keratoses, and even malignancy. 

Pfaliler and Vastine" state that if all the knowledge that is now 
available is utilized skillfully, practically all cancers of the sHn can be 
prevented and, if they occur, and are treated reasonably early while 
the disease involves only the skin, they should be cured. They stress 
the treatment of precancerous lesions; moles, particularly the pigmented 
moles, should be removed; likewise, all warts and particularly senile 
warts, any abnormal crusts, fissmes or chronic ulcers. The fear of oper- 
ation often keeps a patient from coming to a physician; radiotherapy 
eliminates this fear, and radium, Roentgen rays, electrocoagulation or 
surgery, separate or combined, may be discussed later r\dth the patient, 
•as the individual case suggests. 

The rate of recuperation of human skin following irradiation was 
studied by Duffy et and they considered the skin to be an obvious 
indicator of the degree of damage produced and the rate of recovery in 
tissues an important factor in all methods of irradiation. Dividing the 
procedures into the three fundamental types: massive, fractional and 
saturation dosage, i. e., where the maximum effect is obtained through 
a single exposure to radiation (massive); where the maximum effects 
are obtained by the gradual administration of small doses (fractional) ; 
or the maintenance for a certain time of a biologic effect already present, 
by the addition of smaller doses (saturation). Using tlie gradual fading 
of the reaction after treatment as an evidence of recuperation of tissues 
from radiation damage, they determined the quantity of radiation 
necessary to produce equal skin reactions in single and divided doses 
of 200 kv. Roentgen rays filtered by 0.5 mm. of copper and 2 mm. of 
aluminum, using the threshold erythema as a standard reaction for 
comparison. The threshold erythema dose for a single exposure was 
525 Roentgens; for equal amounts given at intervals of 24 hours, 400 
Roentgens for each exposure and, for equal amounts given at intervals 
of 48 hours, 425 Roentgens for each exposure. They found the skin 
recovered 69% of the immediate damage in 24 hours and 76% in 
48 hours. 

Howes’^ presents a group of cases of all types of epitheliomas of the 
skin and lip treated by one massive dose or divided doses on consecutive 
(lays, and considers his results comparable with other accepted forms 
of treatment. Widmann^^ comments that the popularity of irradiation 
procedures for carcinoma of the lip has become international, and 
attributes this to the relative simplicity of administration, as well as 
the speed and economy with which result is obtained. There is prac- 
tically no treatment mortality, no risk of hemorrhage or infection, 
and the cosmetic results are excellent. His best results were obtaineci , 
in small lesions and with adequate treatment of lesions of short dura- 
tion. He found no evidence to indicate that irradiation will consistently 
effect regression of metastatic nodes. Surgical excision seemed justified 
of isolated, freely movable nodes that develop after apparently adequate 
liigh voltage Roentgen ray or radium -pack treatment. Prophylactic 
irradiation of the cervical node region is warranted by lus experience. 
He favored free and wide electrodesiecation in conjunction witli radium . 
or Roentgen rays in small lesions. 

Kaplan et alJ’ discuss the protracted external irradiation method in 
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the treatment of carcinoma of the mouth and throat, and com])arc 
their results with Roentgen rays, the 5-grain pack and the small radium 
pack. Martin and McNattin'-’ compare the results in the treatment 
of cancer of the pharynx, tonsil and extrinsic larynx by divided doses 
of external radiation with the Pfahler saturation technique, a fractional 
dose method based largely on the theory that there is a loss of radiation 
effect at a definite rate and that by daily repetition of a certain per- 
centage of the original dose, tlris loss is replaced so that tlie original 
effect is maintained or prolonged for a desired period; and tliat of 
Coutard, wlrich is based on the theory that the effect of multiple daily 
doses of external irradiation is cumulative, and that there should be a 
steadily increasing radiation effect brought to a climax after 2 to 
4 weeks of treatment. The total doses employed by Coutard are muclr 
larger than those given by any other method of external irradiation. 
Such intense biologic effects as a blistering or epidermicidal reaction 
of the skin and a membranous mucositis in the pharynx are deliberately 
produced as a requisite to the accomplishment of a lethal effect on the 
underljnng tumor. Coutard demonstrated tliat these biologic effects 
on the skin and mucous membrane invariably healed without difficulty. 
By such repetition of daily doses there is a greater differential effect 
as between normal and neoplastic tissue than if one or only a few 
massive doses are given at longer intervals. They feel tire divided dose 
technique for the treatment of pharyngeal cancer, or cancer in general, 
has not been as widely emphasized as its merits deserve. The technique 
of tire Coutard method is give'n in detail. Lenz ci al}^ review a series 
of cases of epithelioma of the pharynx and larynx treated by a modifi- 
cation of the Coutard method. Pfahler'" has tabulated his results in the 
treatment of cancer of the mouth by surface and interstitial irradiation. 
His custom is to begin with radium packs or high voltage Roentgen rays 
externally to control at the beginning the spread of the disease. This 
is followed almost immediately by local surface applications of radium 
inside the mouth, usually alternating the local application one day 
with an external application tire next, so that the patient does not 
become too much distrubed by one form of treatment. Tlie applica- 
tions are made successively on all sides of the tumor area, so that all 
parts of the tumor tissue shall receive Rom 6 to 10 erytliema doses, 
counting the external radiation. As director of a state institute founded 
primarily for the pm-pose of research concerning the causes and the 
treatment of cancer and allied diseases, working witli a personnel con- 
sisting of a surgeon, a radiotherapist, a physicist and a patliologist, 
supplemented by other specialists interested in cancer tlierapy, Simp- 
son'^ is convinced that a large percentage of lip and intraoral cancer 
cases have established metastases which are not demonstrable. The 
consensus of opinion in his group is that in most cases radiation is the 
preferable metliod of treatment for metastatic deposits in tlie neck. 
He discusses their results with implantation (gold seeds of radon), 
external radiation (Roentgen ray) and radium in such cases. 

Pfahler and Kapo'® review the results in the Roentgen treatment of 
333 consecutive cases of cervical adenitis. Following a brief review of 
the anatomy of tlie lymphatics oi this region, they discuss tlie more 
common causes of cervical adenitis and the differential diagnosis. They, 
and their surgical colleagues also, iverc convinced of the superior I'ahie 
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of Eoentgen irradiation in the treatment of cervical adenitis. The 
treatment can ordinaz-ily be given without hospitalization; the majority- 
can be cm’ed mth from 2 to 4 treatments; and with present technique, 
atrophy and telangiectases can be avoided. Butler and Woolley"® feel 
that Roentgen tlierapy has a definite place in the treatment of chronic 
paranasal sinusitis in properly selected eases. There is no damage to 
normal structures when properly applied, and failure of Roentgen ray 
therapy in no way interferes wdth subsequent surgical intervention, 
should tlris become necessary. Their results were better in cases given 
single, full doses than in those in which fractional dosage w'as employed. 

Merritt and McPeak^' reported 6 cases of cystic bone disease which 
were either entirely cured or definitely benefited by Roentgen tlierapy 
applied over the parathyroid region. Fried^^ considers syringomyelia 
as particularly suitable for Roentgen therapy because the pathologic 
structure of this disease is highly responsive to the action of the rays. 
Radiation can halt the inflammatory process in nerve ceils and fibers 
similarly to its action in any other inflammation. In order to obtain 
the best results it is necessary to commence treatment early in the 
course of tlie disease. When the condition has reached the desti-uctive 
stage, radiation can still interfere witli the process and preserve the 
residual function of the cord which has been retained in the tissue. 
I^dien no definite improvement takes place by the end of the first 
series of treatments, a favoz’able effect can hardly be expected from 
further irradiation. 

Brunschwig and KandeP® made studies to correlate the histologic 
changes and the clinical symptoms in irradiated Hodgidn’s disease 
and lymphoblastoma involving lymph nodes, and to determine, if 
possible, the reason for the failure of irradiation therapy to eradicate 
the disease. They concluded that if Hodgkin’s disease affected tlie 
entire reticuloendothelial system from the start, little moi‘e than palli- 
ation could be expected from irradiation therapy. If, on the other 
hand, the process is at first a local one, and if the involved group of 
lymph nodes is discovered early in the progress of the disease, intense 
local irradiation, -with the object of completely sclerosing the lymph 
nodes, ma.y offer a possibility of arresting tire process. From the histo- 
logic standpoint, lymphoblastoma is more radioresistant than Hodgkin’s 
disease. Irradiation of lymphoblastomatous nodes, if the process is of 
the more malignant type, may result in a reduction of size and some 
sclerosis; in the chronic cases the nodes are reduced in size, but not 
sclerosed. 

In the discussion of radium dosage and technique in treatment of 
carcinoma of the breast, Taylor"'* states that the treatment of choice 
for operable carcinoma of the breast is radical surgery. In the treat- 
ment of inoperable and recurrent cases the chief dependence has l)een 
upon Roentgen tlierapy. Radium treatment was essentially palliative, 
and used as a part of a general plan of radiation therapy, most of which 
was delivered in tlie form of Roentgen nays. Following the methods of 
Geoifrey Keynes, selected cases were treated. Regression of the local 
process was secured in almost all cases, and seemed to be better -than 
tliat secured with Roentgen treatment alone. Richards"' presents a 
jacket ivliich he devised to solve the difficulty of delivering to the 
curved surface of the thoracic wall, in tlie treatment of secondaries in 
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this region from carcinoma of tlie breast, a dose of irradiation which 
would be evenly distributed over tire entire area and at tire same time 
effective. The jacket Avas fitted to the indiAudual patient and proAusion 
Avas made for the attaching of roAA's of radium needles, accurately spaced 
from each other, from the midline in front as far as thought adAasable. 
Approximately 100 needles, 60 mm. in lengtli, contain 3 mg. of radium 
element and liaAang a AA'aU thickness of O.S mm. of platinum (standard 
platinum iridium)’ Avere used and left in position from 90 to 100 hours. 
The reaction which folloAVs is fairly seA'ere, a first' to second degree 
erythema AAith A^esication, and requires very particular care in its 
treatment. 

Baum-*^ reports a case and presents a survey of the recent literature 
on radiation tlierapy in carcinoma of tire bronchus. He includes a 
study of the end results in the literature of the surgical treatment of 
this condition, and concludes that irradiation is to be preferred in the 
treatment of lung carcinoma. Only comparatiA’^ely early cases are 
suited for lobectom 5 q the insidious natm-e of the disease makes early 
diagnosis practically impossible; lobectomy carries a high mortality 
(20 to 30%); radiation bj>' Roentgen ray or radium, or both, has no 
immediate mortality; and eA^en if life is not prolonged by radiotlierapy, 
tire patient’s suffering is greatly lessened, and AA'hat life remains is 
made more endurable. 

Henry Schmitz'^ revieAvs a series of 662 cases of carcinoma of tlie 
female genitalia treated by irradiation. The number and per cent of 
tlie cases inA'ohdng the vuh’-a, Ai-agina, cerAUx uteri, corpus uteri and 
ovaries are tabulated. Eighty per cent of tlie carcinomas Avere located 
in the cerAux. The extent of die groAvtli of carcinoma of the uterine 
cer\4x decides the rate of ciuability; the freely moA’^able, clearly localized 
growths shoAV from SO to 90% good end results after a 5-year period. 
So he stresses the careful investigation of chronic cerAucitis, loAA'-grade 
chronic inflammations Avliich frequently precede carcinoma, and folloAv- 
up of infections, abortions and lesions resulting from cliildbirth AA'ith 
adequate treatment of abnormalities to prevent cancer. Silent, early 
carcinomas found during these examinations, adequately treated, Avill 
achieA'e permanent healing in the majority of cases. Montgomery 
and FarrelF® found the hopefulness of prognosis in carcinoma' of tlie 
ovary Avas proportional to the grade of malignancy. The liistologic 
findings of 22 cases Avere correlated wfith the gross pathologic appear- 
ances. The results of postoperatiA'e therapy Avere palliation of symp- 
toms frequently, lessening of pain and recession of edema, Aifith definite 
prolongation of life in many patients. Simpson^® presents in detail 
the technique of treatment of cancer of tlm cerifix AAuth radon. He tliinks 
radon has the adinutage of being less bulky than radium, prefers the 
use of large quantities of radon, such as 1000 me., for short periods of 
time to tliat of small quantities of radium for long periods of time; 
belicA-es intrauterine treatment should be delayed until treatment 
against or outside the cerA'ix has rendered it patent; that if the uterine 
canal has been once ini'aded, further intrauterine treatment should be 
delayed for a period of at least 6 Aveeks, and adA'ises against the current 
practice of implanting the cerA'ix. 

Healy and Arneson^® combined routine Roentgen irradiation 'for the 
distant peh'ic involvement and radium for the cerA-ical lesion, giA'ing 
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the Roentgen ray cycle before application of radium in all but the 
earliest cases. This has seemed to be advantageous in diminishing the 
discharge as well as the bleeding, and in reducing the gross size of tire 
primary lesion by causing the superficial, infected and friable tissues to 
disappear. As a result, there is also less swelling and indmation in the 
surrounding tissues. In tliis way the cancer field is in much better con- 
dition to react satisfactorily to the application of radium, and usually 
the local and constitutional reactions are less severe. This report 
deals with an attempt to control parametrial disease b 3 >- increasing the 
amormt of external irradiation wntlr Roentgen rays so as to obtain a 
greater intensity of radiation within the pelvic structures without 
causing severe damage to normal tissues. In the earliest cases radium 
treatment precedes the Roentgen ray. 

' The first important advancement in the treatment of carcinoma of 
the rectum was surgical, and for many years surgical intervention w'as 
the only method of treatment. With the advent of radium and Roent- 
gen rays, however, the field of treatment has been extended, and radio- 
therapy in this field is destined to be of as much value as sm-gical treat- 
ment has been; from a combination of the twm methods great benefits 
will be inevitable. With this introduction, Bowing and Fricke^' present 
various tabulations of the situation and classification of rectal tumors, 
the age incidence, clinical data, index of malignancy, classification of 
the length of life by grade of malignancy, and a review^ of the procedures 
in 500 cases. They believe that therapeutic radiology, especially 
radium therapy, has a distinct place in the treatment of carcinoma of 
the rectum, anus and rectosigmoid. Preoperative radium therapy 
should receive special consideration and, when employed, should be 
followed by a period sufficiently long, probably 8 to 12 weeks, before 
surgical intervention is attempted. Radium therapy as a palliative 
procedure is of value, and inoperable and recurring lesions should be 
given at least one w^ell planned treatment. The degree of palliation 
naturally varies, but nearly all the patients will be benefited somewhat. 
Radium therapy as a postoperative measure has a limited field of 
usefulness; all lesions of a high grade of malignancy at least should be 
treated. Roentgen therapy is of value, and with the increased voltage 
of the present-day installations, should become of greater value, espe- 
cially in cases in wliich lesions are of the higher grades of malignancy. 
These authors, with Counseller,®- have studied the results of treat- 
ment of carcinoma of the penis. Epithelioma of the penis is a slow- 
growing neoplasm which is inclined to remain superficial for a long 
time, to metastasize late and, wiren such metastases do occur, to affect 
the inguinal nodes. The slow growth and accessibifity of the lesion 
render it amenable to surgical treatment and to irradiation with radium 
and Roentgen rays alone, or probably best in combination. In inoper- 
able cases, irradiation alone accomplishes a great deal in the way of 
palliation. . 

Charles G. Sutherland, M.D. 
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Studies in the Mechanism of Kaolin Hypertension.— William Allen 
Jeffers, M. August Lindauer and John Q. Griffith (Robinette Foun- 
dation University of Pennsylvania). Tliorotrast will appear in tlie cer- 
vical lymph nodes of tlie normal albino rat, as shown Roentgen ray, 
about 45 minutes after 0.02 ce. of tlie substance has been injected into 
the cerebellomedullary cistern. 

Tliorotrast, so injected, does not appear in the cervical l.ymph nodes 
even after a period of 10 days, if tlie animals hai-e been shomi to have 
peripheral arterial hj’pertension follojving a preidons intracistenial 
injection of colloidal kaolin. 

It is suggested tliat this peripheral hj-pertension is caused bj' the 
increased intracranial pressure. This increased pressure is tliought to 
be due to a block in tlie channels for lymphatic absorption. The 
alternative suggestion, tliat it is due to a persistent meningeal reaction, 
is considered, but is tliought to be unlikely because the leukocytosis 
in the spinal fluid following the intracisternal injection of kaolin is 
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present only for the first 3 da5’^s and subsides completely by the fifth 
day. On the otlier hand, tlie hypertension seldom appears before tlie 
fifth day and usually persists indefinitely. 


The Action of Single Doses of Morphin Sulphate Upon the Movement 
of the Small Intestine in Man. — W. Osler Abbott and E. P. Pender- 
grass (Laboratories of Pharmacology and Radiology, and tlie Gastro- 
intestinal Section of the Medical Clinic, University of Pennsylvania). 
Morphin was early observed by fluoroscopy to relax the small intestine, 
to depress its acti\dty and to delay the motility of its contents. Sub- 
sequently balloons in small intestinal “ loops ” of dogs showed increased 
tonus and peristalsis. We have combined these metliods in normal, 
intact human subjects. With orally administered balloons recording 
simultaneously from one or two points between pylorus and cecum, 
barium is given and the subject fluoroscoped. 

Results. The duodenum, 2 minutes after 10 to 30 mg. of morphin 
sulphate is administered hjqiodermically, contracts forcibly, as shown 
by a disappearance of barium from the duodenal lumen and by strong 
compression of the balloon for 20 minutes. Then follows hyperperistal- 
sis of brief duration and thereafter prolonged inactivity. Duodenal 
stasis and regurgitation, present earlier, disappear. In the ileum there 
is either slightly increased segmentation or no immediate response. 
Then the barium gathers into boluses, the gut dilating and becoming 
less active. The balloons show nothing save a slight transitory rise in 
tonus at 15 minutes, probably in part due to downward displacement 
duodenojejunal content. Activity diminishes thereafter. The jejunum 
reacts in a manner between that of the duodenum and the ileum. 
Subnormal acti\aty may persist for 24 hours. 


The Measurement of Serum Volume.— F. William Sunderman 
(John Herr Musser Department of Research Medicine, L^niversity of 
Pennsylvania). In the determination of tlie serum volume by the 
intravenous injection of vital red, there is e\ddence to suggest tliat 
complete mixing of the dye in tlie circulating serum does not occur 
for 20 to 30 minutes after the injection. If samples of serum are 
obtained under basal conditions at intervals of 30, 60 and 90 minutes 
after the introduction of the dj’^e, a linear relationship is obtained which 
permits extrapolation to tlie moment of injection and tlie estimation 
of the concentration of dye that would have been obtained were com- 
plete mixing instantaneous. The quantity of dye injected is measured 
with precision by means of an especially constructed apparatus. The 
colorimetric readings are made on undiluted serum in a colorimeter 
having 2 chambers on each side and fitted vutli a green monochromatic 
filter. A simplified procedure requiring only 2 samples of blood is 
proposed for clinical studies. The procedure gives consistent, repro- 
ducible results in normal individuals and reveals differences beyond 
the normal range in some pathologic cases. 


Nerve Impulses in Single Fibers of the Vertebrate Retina. — H. 
K. Hartline (Eldridge Reeves Johnson Foundation, University of 
Pennsylvania). Oscillographic records of action potentials in single 
optic nerve fibers of the frog’s eye have lieen obtained from small 
bundles of fibers dissected from tlie anterior surface of the retina near 
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the head of the optic nerve. The discliarge of impulses in sucli fibers, 
in response to illumination of tliat portion of tlie retina from which 
they come, shows considerable diversity, even among fibers from closely 
adjacent areas of the same ej'e. In certain of these fibers tlie response 
is similar to tliat in tlie optic nerve fibers of Limulus, showing an initial 
burst of impulses at high frequency, witli subsequent adaptation to a 
lower level of steady discharge, which is maintained as long as tlie 
illumination lasts. In outer fibers, however, tlie initial burst of impulses 
is absent, and tlie discharge builds up slowly (over 1 or 2 seconds) to 
its steady value. Such fibers show an increase in the impulse frequency 
when tlie light is turned off (“off effect”). This is interpreted as post- 
inhibitory rebound. In anotlier group of fibers it is tlie maintained 
discharge which is absent, and tlie only response is a short burst of 
impulses when the light is turned on. Such fibers may also show an 
“ off effect, ’ ’ varjdng from a few impulses to a vigorous burst. In the 
fourth group of fibers no response at all occurs during illumination, but 
as soon as die light is turned off a vigorous discharge occurs, initially 
at high frequency, but gradually dying out. In some cases this dis- 
charge may take man.y minutes to disappear, and occasionally has been 
observed to break up into a series of rhythmic bursts of impulses. Ee- 
illumination promptly inhibits tlie discharge in tliis group of fibers. 

It is supposed tliat tliis diversity of function among tlie optic nerve 
fibers of the frog retina is due to a modification of the original sensory 
discharge by die neural elements intervening between die sense cells 
and die optic nen^e fibers, and diat the various types of discharge will 
find their explanation in the interplay of excitatory and inhibitory 
processes in these elements. 


Correction. — In the article by Doctors Cohn and Lends in this Jouknxi. (April, 
1935, issue) on page 478, lines 5 and 7 from the bottom, and page 481, lines 5 and 
8 from the top, the word “weighing” should be “rveighting.” In the fourth line 
of the legend of Figure 10 (p. 473), after the word “noted,” the word “especially” 
should be inserted. 
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In the Hematology Clinic of the New York Hospital it has been 
noticed that the majority of patients under treatment at present 
for polycythemia vera were Jews -born in eastern Europe (Eussia, 
including Ukrainia, Poland, Austria, Lithuania, Roumania, Czecho- 
slovakia). This suggested a similarity between polycythemia vera 
and thromboangiitis obliterans. Such a relationship was rendered 
more probable by the fact that many of the polycythemic patients 
came to the clinic complaining of symptoms referable to their 
peripheral vascular sj'stems and were being treated for thrombo- 
angiitis obliterans as well as for polycythemia vera. 

To study the racial and national incidence of polycythemia vera, 
the records of six institutions were investigated. These hospitals 
were selected because the general admission of eastern European 
Jews was not especially high and because the case histories per- 
mitted an accurate differentiation between polycythemia vera and 
polycythemia secondary to some other condition. The clinics were 
Bellevue Hospital, Cornell Clinic, New Haven Hospital, New York 
Hospital, Presbyterian Hospital and St. Luke’s Hospital.* The 
criteria used to accept a diagnosis of polycythemia vera were a 
majority of the following; (a) Polycythemia which was distinct 
and persistent, and which returned after cessation of therapy; (6) 
splenomegaly; (c) typical red cyanotic appearance of patient; and 
(d) absence of any other distinct lesion such as pulmonary or 
cardiac, to explain the polycythemia. The records from the New 
Haven Hospital were not examined by us but were summarized by 
Dr. Theodore IHumpp. 

Table 1. — Racial and National Origin of Patients Suffering From 
POLYCVTHEMIA VeRA/ 


Total 

No. of 

Patients of Jewish 
origin born in 
eastern Europe 

General admission of patients 

patients 

(polycythemia vera). 

of Jewish origin born in 

(polyey- 

Institutions. themia vera). 

No. 

%. 

eastern Europe. 

%. 

Bellevue Hospital . 28 

14 

50 

3 (sample year) 

Cornell Clinic ... 7 

4 

57 

12 (estimate) 

New York Hospital . 19 

12 

63 

9 (sample year) 

Presbyterian Hospital 33 

13 

39 

15 (race not given; eastern 

St. Luke’s Hospital . 34 

15 

44 

European birth) 

7 (race not given; eastern 

New Haven Hospital . 13 

6 

46 

European birth) 

10 (estimate) 

134 

64 

47.8 

9 (approximate) 


The accompanying table gives the results obtained. It can be 
seen that in each clinic the incidence of polycythemia vera among 
eastern European Jews was distinctly high. The per cent of 


* We wish to express our gratitude to Drs. Woodruff, Wyckoff, Nammack, 
Klumpp. Palmer and Wood for permission to study and quote from the records of 
these clinics. 
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patients from this group among the general clinic and hospital 
population could not be obtained in some institutions because such 
data were not kept. But as far as could be determined the average 
incidence of eastern European Jews among the general admissions 
in these hospitals was under 10 %. The average incidence of eastern 
European Jews suffering from polycythemia vera was almost 48% 
and ranged from 39% to 63% for 134 patients. 

The eastern European countries were circularized for information 
that might give some statistics dealing with the racial incidence of 
polycythemia. The only country which had any figures was 
Lithuania.® The population of this country is about 2,000,000, of 
which 155,000 (7.7%) are Jewish. Of 4 cases of polycythemia vera 
from 1930 to 1934, 2 were Jewish. Professor Julius Bauer^ of the 
Allgemeine Poliklinik in Vienna informs us that, although he has 
no statistics available, he has the impression that polycythemia vera 
is more common in Jews. Dr. C. W. Baldridge® wrote us that in 
the last 13 years 10 polycythemic patients were treated by the 
State University of Iowa, Department of Medicine. None of these 
was Jewish, but the incidence of Jews in the general hospital popu- 
lation is very low and the incidence of foreign-born Jews is probably 
negligible. 

The resemblance of the racial and national incidence of polycy- 
themia vera to that of thromboangiitis obliterans naturally sug- 
gested that the bloodvessels of the bone marrow merited study. 
As far as we could determine no investigation of lesions of the bone 
marrow vessels has ever been reported. It was thought best to use 
Masson trichrome stains to obtain good pictures of the bloodvessels. 
Eosin azure and Giemsa stains were also used. A total number of 
69 bone marrow specimens and 4 sections of bloodvessels from ampu- 
tated limbs of patients suffering from thromboangiitis obliterans 
and arteriosclerosis were studied.* The bone marrow was obtained 
from the sternum in the case of biopsy specimens and from several 
sources in the case of autopsies, and in the most important cases 
was fixed in Zenker-forrnol or in neutral formalin. Of the 69 bone 
marrows studied 12 were biopsy specimens, of which 5 we];e from 
polycythemia vera patients; 2 were from secondary polycythemia 
(1 patient had pulmonary bronchiectasis and fibrosis, and 1 prob- 
ably has splenic arteriosclerosis or so-called abdominal throm- 
boangiitis obliterans); the rest from benzol poisoning, aplastic 
anemia and aleukemic leukosis. The remainder of the bone marrow 
sections was obtained from autopsy cases. Two of these were from 
polycythemia vera, 5 from agranulocytosis and the rest from a 
variety of patients including general arteriosclerosis, cardiac dis- 
eases, nephritis, senility, leukosis, malaria, pneumonia. The speci- 

* We wish to thank Drs. Conway and Glenn for performing bone marrow biopsies, 
and Drs. Curphey, Trubek, Bishop, Olcott, Ange\dne, R. A. Moore, Helpem and 
Lawence Smith for specimens. 



756 


REZNIKOFF, FOOT, BETHEA: POLyCYTHEJIIA AT5RA 


mens were obtained from indi\'iduals of all ages ranging from 
infancy to people over 70 years. 

The result of these bone marrow studies (see illustrations) showed 
that in all the polycythemia vera cases there was distinct thickening 
of the capillary walls and this increase was characterized by a dis- 
tinct green stain with the hlasson trichrome dye, indicating an 
increase in the fibrous tissue. It should be pointed out that the 
structures which are designated as capillaries are usually subarteri- 
olar, although some of them may be very small venules because the 
latter structures have no musculature in the bone marrow. How- 
ever, these vessels were compared with those of similar size in the 
control group and had the thinnest walls in the entire section. This 
capillary thickening was made more e\ddent by the nuclei failing 
to protrude into the lumen, as is the case with normal vessels. All 
of the polycythemia bone marrows, except one, showed marked sub- 
intimal and adventitial fibrosis of the arteries and arterioles, and 
in the latter A’-essels some of the fibrosis extended into and through 
the media. In 3 of the 5 agranulocytic bone marrows there was some 
swelling of the capillary walls, but this seemed to be of an edematous 
nature rather than distinct fibrosis. All of the rest of the bone 
marrows showed no changes of this tj'pe. In the patients suft'ering 
from arterio- or arteriolarsclerosis the vessels showed principally 
medial and adventitial fibrosis; but the capillaries were normal in 
appearance except that there was a moderate increase of fibrous 
tissue around them in many cases. As has been pointed out else- 
where,® these polycythemic marrows also showed an increase in 
megalokaryocytes. One polycythemic bone marrow showed distinct 
thrombosis, both fresh and organized, of some small arteries. This 
was regarded as significant, since the capillaries in the thromboangi- 
itis obliterans sections showed the same thickening and fibrosis as 
that seen in the polycythemic bone marrows. One of the most 
interesting bone marrow specimens was derived from a patient who 
had been suffering from polycythemia vera for a short time and 
was considered a mild case. His liighest count was 6,500,000 red 
blood cells, his spleen was only moderately enlarged, he had pain 
in the calf of his right leg for only 4 months and he responded well 
to very small doses of acetylphenylhydi’azin. Incidentally his 
brother had a well advanced polycythemic condition. A biopsy 
specimen of this man’s bone marrow showed marked inflammatory 
and necrotic lesions along the course of his bloodvessels, character- 
ized by a cellular exudate which formed perivascular “cuffs,” and 
some of his capillaries demonstrated thickening in the midst of 
.pronounced inflammatory^ lesions. The exudate consisted chiefly 
of lymphocytes and monocyAes caught in the migratory elongated 
phase. A few neutrophils were occasionally' found; these rarely 
formed miliary abscesses. 




Fig. 1. — Artery in bone marrow of normal Fig. 2.— Artery in periosteum of arteriosclerotic Fig. 3. — Artery in bone marrow of a poly- 
subjcct. Magnified X 280. Practically no patient. Magnified X 280. Fibrous tissue infiltra- cythemic patient. Magnified X 110. Marked 
fibrous tissue infiltration of wall of vessel. ting muscularis. fibrosis of subintima and adventitia. 








Fig. 4,— Arteriole in bone marrow of Fig. 5.— Arteriole in bone marrow 

normal subject. Magnified X 270. No of polycythemic patient. Magnified 

fibrosis in wall of \-essel. X 540. Fibrous tissue infiltrating 

entire wall of vessel. 



Fig. 6. — Capillary in bone marrow of normal subject. Magnified X 270. Thin wall, 

nuclei bellying into lumen. 



Fig. 7. — Capillarj* in bone marrow of polycythemic patient. Magnified X 290. 
.larked thickening of wall. Cross section of markedly thickened small capillary 
1 field. 
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Comment. The significance of these observations may have 
various interpretations. As far as the racial and national incidence 
of polycythemia is concerned, the high incidence among Jews born 
in eastern Europe applies, of course, only to the cases presented 
in this study. Whether the same findings vdll hold true for any 
other large group of patients will depend upon future studies. How- 
ever, it is interesting to note that Weber^® states, “I am myself 
incliiied to the opinion that polycythemia rubra, at all events 
'polycythemia hypertonia’ (which I regard as a secondary polycy- 
themia), is rather more frequently met with amongst the Hebrew 
population of Europe than amongst other Europeans.” In spite of 
the fact that Harrop^^ states that this disease is present in all races 
and has no regional distribution, its predominance in Jews is sug- 
gested by Lucas’ studies^^ as well as McAlpin and Edsall’s case 
reports.^® Finally at the recent Congress of the International Asso- 
ciation for Geographic Pathology at Utrecht, Professor Anitschkow 
analyzed 40,000 autopsy reports of arteriosclerosis and intimated 
that the only definite conclusions from such a study was that vas- 
cular sclerosis is probably more prevalent among Jews.^^ 

The relationship of these vascular lesions in the bone marrow to 
polycythemia vera merits further study. It has been suggested 
that the vascular disease is secondary to the increased 'Auscosity 
of the blood. Koga^®' describes such a condition in spontaneous 
gangrene of the extremities and Stern^® claims that in Buerger’s 
disease a high viscosity of the blood is not an unusual exception 
with a normal blood count. Schneider,^'^ Dietl and Fritz^® and 
Munzer'® have noticed arteriolar and capillary lesions in polycy- 
themia A'^era in various parts of the body, although they made no 
bone marrow studies, and suggested that these vascular lesions 
caused anoxemia of the tissues with secondary overcompensation 
of the bone marrow. Miinzer feels that acute infections such as 
scarlet fever and typhus may cause general capillary disease.. 
Although BroAvn, Allen and Mahorner®® state that they have never 
seen any association between thromboangiitis obliterans and poly- 
cythemia vera, this is not the experience of our clinic, where Ave 
find a frequent association. Nor does one gather from Weber’s 
case reports®! that the combination is rare. In fact, BroAvn and 
Giffin®® report that of 100 polycythemia A'^era patients, 27 complained 
of symptoms and demonstrated lesions referable to the extremities 
(excluding venous thrombosis); 20 were arteriosclerotic, 6 had 
A^asomotor disturbances and 1 was definitely a case of thrombo- 
angiitis obliterans. Averbuck and Silbert®® find that in thrombo- 
angiitis obliterans thrombosis of A'^essels other than the extremities 
is a A'^ery common occurrence. 

Almost all students of this subject have been intrigued with the 
possible relationship of polycythemia A^era to anoxemia. It is true 
that earlier workers®^ regarded this disease as analogous to leukemia. 
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But tliis is not generally considered probable because of the maturity 
of the red blood cells both in the bone marrow and ra the peripheral 
blood. Some observers"^--'^-*' considered infection as an important 
etiologic factor and some familial incidence has long been known. 
Without much evidence a hormonal defect has also been suggested 
but by far the most intensive work has concerned itself with the 
relationship of anoxemia to polycythemia. This is a logical concept 
because of the known relationship betw^een these two conditions at 
high altitudes and in cardiac and pulmonary diseases. Harrop"® 
suggested that there might be a reduced rate of diffusion of ox 3 ''gen 
through the lung and reduced oxj’gen tension. He said, “If one 
may assume a very sluggish blood flow in the marrow— small dif- 
ferences in oxygen tension might assume great significance.” He 
found, how^ever, no lesion to account for possible anoxemia, and 
stated that the “time is ripe for a reinvestigation of the histological 
findings.” Barach and hlcAlpin”® believed that polycythemia is 
not due to anoxemia stimulus because 2 of their patients w'ere kept 
in an en\aronraent of 50% ox'A'gen for 2 weeks without showing any 
change in red blood cell count, hemoglobin or oxj'gen capacity. 
This is evidence against general anoxemia but does not rule out a 
possible localized anoxemia in the bone marrow. Weber^“ has pre- 
sented the most interesting opinions, at least so far as this study 
is concerned. He says “all cases of erythraemia (so-called primary 
cases) are really only examples of secondary or sym 2 )iomai{c poly- 
cythemia occurring as a result of, or ^^tal reaction towards, some 
unrecognized obstruction to the circulation of blood in the ^'iscera. 
The clinical history in erythraemia sometimes furnishes cAudence” 
(of conditions) “which are not unlikely to cause disease and degen- 
erative changes in bloodvessels, leading to circulatory disturbance.” 
“Erythraemia” — (is) "a primary myelopathic disease.” The 
question might then T,vell be raised whether the anoxemic state caused 
by vascular disease in the bone marrow^ itself may not be the initi- 
ator of compensatory or overcompensatory red blood cell produc- 
tion wdiich results in polycythemia vera. 

Conclusions. 1. Of 134 patients suffering from polycythemia vera 
about 4S % -were Jews born in eastern Europe. The records of these 
patients w'ere obtained from six institutions in which the average 
incidence of this racial and national group w’^as under 10%. 

2. Seven bone marrow specimens from polycj’themia vera patients 
showed distinct capillary thickening, probably fibrosis, and 6 of 
these show’-ed in adition marked subintimal and adventitial fibro- 
sis of the subarteriolar capillaries, arterioles and arteries. Of 62 
control specimens only 3 of 5 agranulocytic bone marrows gave slight 
thickening of capillaries, probably due to edema. The rest showed 
no change from the normal. In the cases of general arterio- or 
arteriolarsclerosis, medial fibrosis w^as e^^dent. 

3. The vascular changes, especially in the capillaries, of the bone 
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marrow in polycythemia vera patients suggest the possibility that 
these lesions may result in anoxemia of the bone marrow with 
compensatory or excess compensatory polycythemia. 
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MACROCYTIC ANEMIA WITH APLASTIC FEATURES FOLLOWING 
THE APPLICATION OF SYNTHETIC ORGANIC 
HAIR DYE. 

By C. W. Baldridge, M.D.,* 

ASSOCIATE PROFESSOR OF MEDICINE, DEPARTMENT OF INTERNAL MEDICINE, STATE 
UNIVERSITY OF IOWA, IOWA CITY. 

(From the Department of Internal Medicine, State University of Iowa.) 

Long before beauty culture became a “science,” the ancient 
Persians used vegetable compounds as hair dye. Their methods 

* Dr. Baldridge was unfortunately killed in an automobile accident shortly after 
submitting this manuscript, which has been revised by his colleague. Dr. W. M. 
Fow’ler. — The Editors. 
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proA’ed to be too tedious and transient for us moderns, so that 
newer and incidentally more dangerous methods were devised. 
Physicians have not failed to condemn the use of most modern 
hair dyes, whether metallic, organic or “compound.”^ Paraphenyl- 
ene-diamin, first prepared by Hoffman, in 1854, formed the key 
substance for most organic hair djms until recently, although the 
use of this substance has been prohibited in some countries because 
of tlie skin reactions which it induced.- 

Except for dermatitis, few intoxications attributable to hair dye 
have been described in the literature, although it is known that many 
anilin derivatives exert a deleterious effect on the blood-forming 
organs. Close® reported a case in which involvement of the nervous 
system was attributed to poisoning by a hair dye of the para- 
phenylene-diamin t.'\'pe, and Haldimann'* a case in which anemia 
was apparently due to anilin poisoning. 

We Itave not found any previously reported case in which macro- 
cytic anemia was attributed to hair dye poisoning. Because cases 
of macrocytic anemia which do not respond to liver therapy are 
encountered occasionally, the present report is believed to be 
timely. 

The following cases were observed in a period of about 7 months, 
December, 1933, to July, 1934: 

Case Abstracts. Case 1.— M. M., a married woman,, aged 42, felt 
fatigued during 1933, and gradually lost from 167 to 147 pounds in weight. 
She had dyed her hair in 1932 and had repeated the procedure abput 
15 times. In October, 1933, she had her hair d 3 Td and a permanent wave' 
put in on the same day. Later in October she began to notice slight bleed- 
ing from the nose. From November 16 to 28 the epistaxes were frequent 
and severe and accompanied by fever, weakness and pallor. After local 
treatment failed to control the hemorrhages her physician administered 
horse serum, fibrinogen and calcium gluconate and finally transfusions of 
400 cc. of citrated blood were given on each of the 4 da 3 '-s, from November 28 
to December 1, 1933. In spite of all treatment the bleeding from the 
nose continued, and in addition purpuric spots, uterine and urinary bleeding 
developed. 

The patient was admitted to the University Hospital, December 5. There 
was marked pallor without icterus, the nose was bleeding and crusted, the 
tonsillar regions were ulcerated and petechioe and ecch 3 Tnoses were noted 
over the body. The spleen w'as not palpable at the time of admission, but 
a week later the edge could be felt. The brniph nodes w-ere 'not enlarged 
and the gums ivere not ’ , Yijg cardiovascular, respiratory 

and nervous s 3 ^stems iver ■ • ■ . . -was vaginal bleeding and urine 

obtained by catheter Avas frankly bloody. The stool ivas dark and gaA^e a 
strong^ positive test for occult blood. 

Examination of the blood revealed: Hemoglobin, 28%, or 4 gm. per 
100 cc. (New'comer); er3^throc3’-tes, 1,650,000 per c,mm.; hematocrit, 13.5%; 
color index, 0.8; volume index, 0.94; saturation index, 0.9;® leukoc3des, 
2550 per c.mm. Differential count; Neutrophils, 46% (band forms, 19; 
two lobes, 15; three lobes, 12); i 3 'mphoc 3 Tes, 38%; monoC 3 ’-tes, 13%; 
degenerated cells, 3%. Tlie ueutrophOs all contained toxic granules and 
some Avere A'acuolated. The er3’'throc3’'tes A'aried in size from 5 to 14 microns 
(ocular micrometer disk). No attempt AA*as made to ascertain the aA’’erage 
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diameter of erythrocytes because of marked poikilocytosis and because of 
the recent transfusions. There was diffuse polychromasia but no stippling 
was found. The bleeding time was more than 25 minutes; the capillary 
resistance test was positive; the clot was non-retractile and the platelets 
measured 0.02% by volume. The coagulation time was 5 minutes and 
hemolysis of erythrocj^es began in 0.42 and was complete in 0.32% sodium 
chlorid solution. Reticulocytes made up 1.6% of the erythrocytes. The 
plasma fibrinogen was 0.34%; plasma albumin, 2.28% and plasma globulin 
2.1 %. The blood calcium was 9.8 mg. per 100 cc. and the van den Bergh 
was 0.8 mg. per 100 cc. (indirect). The gastric juice was not examined. 
Roentgenograms of the skull and pelvis were normal. The blood Wasser- 
mann reaction was negative. 

Bone marrow removed from the upper tibia and suspended in serum 
suggested a paucity of cells. Neutrophils were virtually absent while 
myelocytes, myeloblasts and erythroblasts were very scarce. 

The findings were those of a severe aplastic anemia and secondary 
hemorrhagic purpura. The patient was given 1100 cc. of blood as well 
as daily injections of 5 cc. of coagulen (Ciba). The hemorrhagic tendencies 
ceased and her recovery in the hospital was slow and uneventful. Hair 
dye had not been applied since October, 1933, and while I have not had 
an opportunity to examine the patient’s blood since January, 1934, word 
was received on April 5, 1934, that she was improving steadily. She has 
since been lost sight of. 

The history of the patient was explored exlraustively for exposure to sub- 
stances which might produce such an aplastic anemia but no probable causp 
other than hair dye could be found. The patient had applied the dye 
herself the first time but the results were not satisfactory. She’ then had 
several applications of another dye and for the last two or three applica- 
tions a third dye had been used. The Bureau of Investigation of the 
American Medical Association informed us that the second dye which the 
patient used contained paraphenylene-diamin, but that this was not an 
ingredient of the dye wliich was applied just before the permanent wave. 
The same company manufactured both of the latter two dyes and their 
representative confirmed the above facts concerning paraphenylene-diamin 
but refused to teU the formulae for the dyes on the basis that they were 
trade secrets. Because the dyes almost surely contained anilin derivatives, 
it was felt that they might be toxic to the blood-forming organs. The 
changes in the erythrocytes were very suggestive of pernicious anemia 
but there was no sliift to the right in the neutrophils and the patient recov- 
ered without liver therapy. There was no liistory of previous relapses nor 
paresthesias and no evidence of posterolateral sclerosis nor changes m the 
tongue. 

Case 2. — A. B., a white woman, aged 47, was married at 19, had a spon- 
taneous abortion at 22 and was divorced at 31. A subtotal thyroidectomy 
was done at the age of 33, but she entered the University Hospital when 
she was 43 because of a recurrence of the goiter. Another thyroidectomy 
was done and in addition a diagnosis of tabes dorsalis with gastric crises 
was made. From August, 1930, to September, 1932, the patient was ad- 
mitted to the hospital 4 times and received 13 injections of neoarsphenamin 
(0.6 gm. each), 6 gm. of tryparsimid and about 30 injections of bismuth. 
She was inoculated ■with malaria but had only one chill. During these 
2 years blood counts were made on 4 occasions with essentially normal 
findings. There were no further admissions to the hospital and no more 
blood counts until 1934, but between September, 1932, and January, 1934, 
about 60 injections of bismuth were administered by her home plij^sician. 

She dyed her hair continually from 1920 to 1934. At first the dye was 
applied every 3 or 4 months, but the interval between applications was 
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gradually decreased to 2 mouths. Permanent waves were never applied 
until 1930. Once in the summer of 1933 and again in March, 1934, per- 
manent waA'es were applied a few days after the hair was dyed. 

About May 1, 1934, the patient was examined elsewhere and was found 
to have a macrocjdic anemia. The hemoglobin was found to be_70%-, 
er 3 'throcytes, 3,000,000; leukocjdes, 5000. Free acid W'as present in the 
stomach only after the administration of histamin. 

The patient reentered the University Hospital, July 9, 1934, complaining 
of pain in her back, epigastric distress and W'eakness. The manifestations 
of tabes dorsalis with gastric crises, sj^rhilis of the aorta, arterial hj'per- 
tension (blood pressure, 190/120) and a small uterine fibroid were still 
present, but in addition there was a macrocytic anemia. 

Blood examination revealed; Hemoglobin, 55%, or 7.8 gm. per 100 cc. 
(Newcomer); eiythrocj’tes, 2,900,000; hematocrit, 34%; color index, 0.95; 
volume index, 1.3; saturation index, 0.7; leukocj'tes, 700 per c.mm. Dif- 
ferential count; Neutrophils, 50% (band forms, 6; two lobes, 33; three 
lobes, 10; four lobes, 1); l 3 nnphocytes, 23%; monocytes, 12%; eosinophils, 
2%; degenerated cells, 13%. The neutrophils contained vety few toxic 
granules. The erjthrocytes varied from 7 to 12 microns in diameter 
(micrometer disk), averaging 9 microns. There was some poikilocytosis 
and slight polj^chromasia. Most of the macrocy'tes were hyT)erchromic. 
The appearance of the blood smear w'as very suggestive of pernicious 
anemia, except that there was no shift to the right in the neutrophils. 
The bleeding time was 4 minutes, the capillary resistance test slightly 
positive, the clot retracted poorty and the platelets w’ere 0.1% by volume. 
The coagulation time was 7 minutes and hemolysis of erydhrocytes began 
in 0.42%^and was complete in 0.32% sodium chlorid solution. Reticulo- 
cytes made up 0.5% of the erydhrocytes. The van den Bergh was 0.2 mg. 
per 100 cc, (indirect). Free acid was again present in the stomach after 
stimulation with histamin. 

The patient was given 39 cc. of Lederle'’s liver extract intramuscularly 
over a period of 8 days, during which time the dailj’- reticulocjde percentages 
were as follows: 1.8, 1.2, 1.4, 1, 1.2, 0.6, 0.8 and 0.8. There was no 
change in either the hematocrit or hemoglobin values after this amount of 
liver therapy. In February, 1935, her physician reported that she W'as 
improved and doing satisfactorily. 

A review of the patient’s subjective and objective sjunptoms shows that 
there w^ere no previous relapses, no paresthesia, no posterolateral sclerosis, 
no tongue changes, no increase in serum bilirubin and the stomach was 
capable of secreting hydrochloric acid. The blood examination revealed 
anemia, leukopenia, a fairly high color index and macrocytosis. There was 
no response to liver extract. 

Casb_3. — B. B., a divorced woman, aged 45, complained of uncertainty 
in w'alking, pains in the legs and a ^dle sensation around the lower abdo- 
men. She W'as admitted to the University -Hospital, July 20, 1934. The 
legs were both spastic and ataxic to such an extent that the patient could 
not ■walk alone. _ Two-point discrimination and ■^dbratory senses were 
greatty decreased in the legs. Plantar extension was present on both sides. 
The left hand was awkward, the speech tremulous and there was slight 
euphoria. Dr. Van Epps, of the Department of Neurology, thought that 
the neurologic changes were more suggestive of multiple sclerosis than 
subacute combined sclerosis, in spite of the fact that the patient was found 
to have anemia of the macrocytic type and complete achlorhydria. The 
patient’s blood and spinal fluid gave negative Wassermann reactions but 
her husband had had a strongly positive Wasserma nn test. She had had 
no antisyphilitic treatment. 

The hair was djmd first, February 28, 1934, and again in April and in 
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June. The brand of dye was the same as that which had been used last by 
Case 1. A permanent wave had been done about 4 hours after the dye was 
first applied, in February. Shortly after this time the patient noticed 
that she was becoming pale. All of the neurologic symptoms, except a 
vague sense of uncertainty on a certain flight of stairs, appeared after the 
hair was dyed. 

Examination of the blood revealed: Hemoglobin, 69% (9.8 gm. per 
100 cc.); erythrocytes, 3,070,000 per c.mm.; hematocrit, 35%; color index, 
1.1; voliune index, 1.3; saturation index, 0.95; leukocytes, 5100 per c.mm. 
Differential count: Neutrophils, 60% (band forms, 13; two lobes, 26; 
three lobes, 17; four lobes, 4); lymphocytes, 24%; monocytes, 7%;_eosino- 
plnls, 1%; basophils, 1%; degenerated cells, 7%. The neutrophils con- 
tained only a few toxic granules. The erythrocytes varied from 8 to 
12 microns in diameter, the average being 9.5 microns. There was some 
poikilocytosis and slight polychromasia. Hyperchromia was the rule. 
After a careful search 1 neutrophil with 7 lobes in the nucleus was found. 
The changes no'ted in the smear were typically those of pernicious anemia. 
The bleeding time was 1 minute, the coagulation time was 4 minutes, the 
capillary' resistance test was negative, the fragility of erythrocytes was 
normal, the clot retracted and the platelets were 0.5% by volume. The 
stomach contained no free hydrochloric acid, even after the administration 
of histamin. The van den Bergh reaction was indirect, 0.4 mg., and bili- 
rubin per 100 cc. of blood 

The patient was given 6 cc. of Lederle’s liver extract intramuscularly 
daily for 20 doses. The daily reticulocyte counts with 2 control counts were 
as Mows: 1.2, 1.4, 1.4, 1.5, 1.4, 1.9, 2.3, 2.6, 2.1, 1.6, 2.2, 1.8, 2.2, 2.1, 2, 
1.9, 1.3, 1.5, 1.2, 1.1 and 1.9. The hemoglobin and hematocrit values were 
unchanged after the liver extract but the erythrocyte count had increased 
to 3,800,000, and the patient felt better. In February, 1935, her physician 
reported that she was improved and doing satisfactorily. 

A review of the patient’s subjective and objective symptoms shows that 
there were no previous relapses, no tongue changes and no increase in 
serum biUrubin. There were, however, paresthesia, posterolateral sclerosis, 
anemia, high color index, macrocytosis, leukopenia and achlorhydria. 

Comment. The first patient was regarded as a probable instance 
of chemical poisoning for the following reasons: 

1. There had been a profound decrease in erythrocytes, platelets 
and granulocytes with relative increase in monocytes. We had 
previously noted these changes in a case of chronic benzin poisoning.® 

2. The hair dye was the most likely source of poisoning elicited. 

3. -Biopsy of the bone marrow, Roentgen ray and other examina- 
tions sufficed to exclude aleukemic myelosis, metastatic tumor of 
the bone marroAV and other causes for myelophthisic or hemolytic 
anemia. 

4. The fact that the patient recovered is perhaps the most 
conclusive evidence that the anemia and thrombopenia were not 
myelophthisic in origin. A diagnosis of pernicious anemia w^as never 
seriously considered even though the anemia was essentially macro- 
cytic in type. 

The permanent wave was applied to this patient on the same day 
that the hair was dyed the last time. One wonders if the heat and 
the ammonia water, which are used in the permanent wave process, 
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might either change the dye chemically or by the induction of 
hjTieremia of the scalp, lead to its absorption in unusual amounts. 
A preparation which the patient used for washing hair was found 
to contain tartaric acid and an anilin dye. 

Case 2 presents features which add materially to the belief that 
poisoning by hair dj^e may produce a macrocj’tic anemia. The 
company that manufactured the dye which was used by this patient 
gave the following information to the Bureau of Investigation of 
the American Medical Association in 1927. The d 3 '^e contains no 
lead, silver or iron and no pjTOgallol or paraphenjdene-diamin. 
“The color base is tolujdene-diamin, which in the preparation of 
the dye is so treated and combined with other ingredients in the 
manufacture as to safeguard, as fullj*^ as chemical science is at this 
time able to do, against possible skin irritation.” A representative 
of this company informed us that no complaint of anemia following 
the use of their dj'e had been reported. Intoxication of the bone 
marrow by sj^philis, mercury, bismuth or neoarsphenamin must 
be considered among the. possible causes of the anemia from which 
this patient suffered. The patient had not received neoarsphenamin 
for 19 months before the anemia was discovered and the blood 
count was normal 18 days after the last administration of the drug. 
Bismuth and mercury are certainly not very likely to destroy 
hematopoietic tissue. Even if sjT)hilis might produce a blood picture 
such as was seen in this patient, the changes would not be expected 
to develop during treatment. 

The decreased volume of platelets and the slight neutropenia are 
noteworthy features, especially in view of the findings in Case 1. 
The blood findings resemble pernicious anemia more than any other 
hematologic disease. However, this diagnosis appears to be entirely 
untenable because of the presence of hj'drochloric acid in the 
stomach, the absence of response to liver extract, the absence of 
posterolateral sclerosis, tongue changes, remissions, paresthesia and 
increased serum bilirubin. 

The likelihood of pernicious anemia is much greater in Case 3 
than in themther cases. While complete achlorhj'^dria is not rare 
in anemic women of 45, it nevertheless should suggest the possi- 
bility of the anemia being pernicious in tjTie. The presence of 
posterolateral sclerosis even though atj^iical in some respects would 
also point to the syndrome of pernicious anemia. In addition to 
these, we have changes in the blood which are entirely compatible 
with a diagnosis of pernicious anemia. The absence of tongue 
changes, the high platelet volume, the lack of increased bilirubin- 
emia and the lack of a characteristic response to liver extract are 
points against this diagnosis. The reticulocjAe count was higher 
both before and after 20 daj^s of intensive treatment than is usually 
the case in pernicious anemia. The highest reticulocyte count 
(2.6%) occurred on the seventh daj’' of liver therapy. This repre- 
sented an increase of only 1.2 to 1.4% over the control counts. 
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If this had been a case of pernicious anemia, the expected reticulo- 
cyte count, according to Riddle’s^ ta'ble, would have reached 3.9% 
following oral administration of liver. The liver extract was given 
intramuscularly in order that the reticulocyte response might be 
as prompt and as pronounced as possible. No attempt was made to 
determine the presence or absence of Castle’s factor in the gastric 
secretion of this patient. There is still doubt concerning the inter- 
pretation of the neurologic changes. It is to be recalled that the 
symptoms in this patient appeared shortly after the use of the hair 
dye and that Close^ reported a case in which there was marked 
ataxia following the use of a similar dye. His patient recovered after 
discontinuing the use of the dye. 

It is essential that more cases be studied in order to determine 
the exact relationship between the dye and the blood changes.. 
Likewise, such observation should determine whether or not the 
changes in the blood and nervous system represent the usual reac- 
tion or a form of idiosyncrasy. The part played by the permanent 
wave must also be established. 

It should be remembered that patients with pernicious anemia 
are likely to lose pigment from the hair at an early age, so that 
they have this added cause for using hair dye. Therefore, the 
presence of a macrocytic anemia in a patient with dyed hair does 
not establish a relationship between the two conditions. 

It is possible that the substance which caused the anemia was 
not the original chemical compound which was applied to the hair, 
but rather some product which resulted from heating the initial 
compound. This, together Avith the fact that animal experimenta- 
tion is so often confusing when applied to drug idiosyncrasies, or 
eA''en to ordinary intoxications, has led me to report these cases 
without attempting to gain laboratory support for the view sug- 
gested. Also the opportunity to study human cases is almost 
unlimited, since a representative of one of the companies states 
that “thousands of such dual applications (dye and permanent 
waves) are occurring all over the United States every day.” 

Summary. Three cases of macrocytic anemia are described and 
discussed in women Avho had dyed their hair just before the appli- 
cation of permanent waves. In 1 of these the temporary changes 
in the blood were tj^iical of aplastic anemia. 
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Hanmrd Medical Schopl.) 

Inwolvement of tlie central nervous system in leukemia is thought 
to be a rather unusual complication. In some of the standard text- 
books of medicine, neurology, and pathology it is mentioned as rare, 
and in others it is not described. The purpose of this communica- 
tion, in addition to reporting a case of lymphatic leukemia with 
an unusual presenting neurologic picture, is to show that the central 
nervous system is involved frequently, if not in nearly all cases of 
leukemia, and that such involvement results in clinical signs and 
symptoms which are frequently overlooked. We believe that the 
significance of the involvement of the central nervous *%stem in 
the clinical course of leukemia is comparable in many respects, to 
that in pernicious anemia and plumbism. 

The general subject of the neurologic aspect of leukemia and an 
analysis of 334 cases of leukemia will be discussed after the case 
report. 

Case Report, G. K., a 24-year-oId married, American fuel oil delivery- 
man whose past, family, social and occupational histories were entirely 
irrelevant and uneventful, entered the Boston City Hospital on March 12, 
1934 because of difficulty in swallovdng of 2 daj’-s’ duration. Four weeks 
previously he struck his right shoulder against a truck, which resulted in 
a stiff and painful upper arm for a week and a residual lameness. Eight 
da5’-s before entry he noted weakness of the left side of the face. In 2 days’ 
there was a complete paralj’^sis of this side of the face and loss of taste. For 
2 days before entering the hospital he had difficulty in swallomng solid 
foods. There was nothing else of importance in- the history. 

Physical Examination. A well-developed and well-nourished young male 
in no pain or distress; alert, intelligent and cooperative. His color was 
good and there was no fever. The first six cranial nerves were normal. 
The visual fields, the ophthalmologic examination and visual acuity were 
within normal limits. There was, however, a complete paralysis of the 
left seventh nerve involving the forehead, and some wealcness of the left 
palate ■with an absent gag reflex. No further abnormalitj’" in the cranial 
nerves was noted. The act of swallowing appeared normal. The throat 
•w'as slightly red, and there w'as a postnasal discharge. The rest of the 
physical and neurologic examinations, including a detailed examination of 
the Ijunphatic and sensorj’- sj^stems, ’wns entirely within normal limits. The 
systolic blood pressure w'as 110 mm. Hg; diastolic, SO. 

The W'hite blood count on entry was 14,000; the red blood count, 5,000,000 
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per c.mm., and the hemoglobin, 95% (Sahli). The differential count 
showed: neutrophils, 52%; lymphocytes, 40%; monocytes, 4%; eosinophils, 
2%. Both the white and the red blood cells appeared normal and there 
was nothing on repeated examinations to suggest disease in the blood- 
forming organs. Urine, stool, sputum, throat culture, blood Wassermann, 
and blood chemistry showed no abnormality. 

The patient was thought to be suffering from a left-sided Bell’s palsy, 
but because of the history of difficulty in swallomng and the weakness of 
the left ninth nerve, a bulbar type of poliomyelitis was also considered. 

Course. On the 3d day the white blood count had increased to 19,000 
without any change in the character of the white cells or in the neurologic or 
physical condition. Fever was not present. A lumbar puncture was now 
performed, with the patient well relaxed and lying on his side. A ground- 
glass, colorless fluid was obtained at a pressure of 150 mm. of water. 
Dynamics of the spinal fluid were in all respects normal. The fluid con- 
tained 1900 lymphocytes per c.mm., and 170 mg. of protein per 100 cc. 
The chlorid and sugar contents were quantitatively within normal limits. 
There was a strong midzone rise in the colloidal gold curve. The Wasser- 
mann test and the cultures of the spinal fluid were negative. On the 4th 
day the right seventh nerve became involved, arijd the patient showed a 
typical facial diplegia. Symptomatically he was unchanged. 

Beginning on the 5th day the patient showed improvement clinically, 
in that the facial djplegia, together with the weakness of the ninth nerve, 
gradually cleared. The sensation of taste had returned at the end of the 
first week and an electrical sensory examination of the tongue was ivithin 
normal limits. The leukoc 3 dosis in the blood persisted, on the other hand, 
as did the pleocjdosis in the spinal fluid. The high-protein content of the 
cerebrospinal fluid continued, and pressures of from 200 to 250 mm. of water 
were frequently encountered. The details of the blood and the spinal fluid 
findings and their relationship are presented in Table 1 and Chart I. Not- 
withstanding the fact that the patient felt well, had a good appetite and 
had no fever, a complete neurologic examination was done every day. 

On the 10th day the patient exhibited clinical signs of cerebral hypo- 
tension: headache, stiff neck, vomiting and a spinal fluid pressure of less 
than 10 mm. of water. It was thought that the frequent punctures and the 
need of large amounts of fluid at each tap for the tests had brought on this 
condition. The syndrome was successfully overcome in a day or two by 
raising the foot of the patient’s bed, forcing fluids by mouth, administering 
pituitrin intramuscularly and discontinuing the lumbar punctures for 
10 days. - 

On the 33d day the patient walked about his room, feeling perfectly well. 
The physical and neurologic examinations revealed normal findings except 
for very slight residual facial diplegia. The blood findings, however, were 
now suggestive of an early leukemia: hemoglobin, 62%; jed blood cells, 
3,500,000; white blood cells, 21,000 per c.mm. The differential count 
showed: neutrophils, 28%, of which 6% were stab forms; lymphocytes, 
40%; atypical lymphocytes, 5 %; monocytes, 4%; eosinophils, 3%; “blasts,” 
6%; myelocytes, 7%; nucleated red cells, 4%. There was anisocytosis but 
very little poilulocytosis or polychromatophiha. Although the basal 
metabolism was only +3%, the metabolism of the sterile blood (measuring 
the oxygen consumption of the cells during 24 hours in an incubator) was 
-f 23%, as compared with that of two normal subjects, which is also sug- 
gestive of a leukemic blood. The spinal fluid at this time showed 400 
Ijnnphocytes, a high-protein content, and a normal pressure. On the 
patient’s insistence he was temporarily discharged home for a period of 
2 weeks, mth the probable diagnosis of leukemia. 

At home he was sjTnptomless for 1 week and then developed a severe 
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headache, vomiting and general malaise. He returned on the 60th daj' 
after his first admission, presenting the follonfing clinical picture; There 
was evidence of loss of weight, and pallor. The fundi showed very full 
veins, but there were no hemorrhages nor choking of the disks. Except for 

Table 1. — Chakacteristics op Spinal Fluid and op Blood in Case Reported. 
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a faint residual weakness of the left seventh nerve, tlie cranial nerves were 
without abnormality. The neck was slightty stiff and there was a suggestive 
Kernig’s sign. There was no adenopathy and the spleen was not palpable. 
The rest of the examination was within normal limits except for an absent 
right knee-jerk, even on good reinforcement, and generally sluggish reflexes, 
possibly due to mild acidosis from vomiting. There was no fever. 



Chart I. — Relation of white cells in blood and spinal fluid in reported case. 

The red count of the blood was 3,000,000; the hemoglobin, 56%, and the 
white' count, 20,000. The differential count showed: neutrophils, 13%; Ijun- 
phocytes, 63 %; atypical lympliocytes, 11 %; “blasts,” 7%; mj’-elocytes, 1 %; 
eosinophils, 2%; nucleated red cells, 2%. Lumbar puncture, done within a 
few hours after admission, showed a ground-glass fluid containing 4500 cells, 
all of which were lymphocytes, and a protein content of 426 mg. per 100 cc. 
The pressure was 210 mm. of water. From this time on, lumbar punctures 
and blood studies were made almost daily (Table 1 and Chart I). At this 
time the definite diagnosis was made of leukemia, probably of the acute 
Ijunphatic type, with invasion of the meninges and cerebrum. 

A second measurement of blood metabolism revealed an elevated rate, bxd 
the basal metabolism of the patient roas still normal. The constant presence 
of 1000 to 2000 red cells in the spinal fluid during the first quarter of the 
second admission was the only hemorrhagic sign. 
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At this time observations were also made on the nature of the low sugar 
content of the spinal fluid. The comparative gtycolytic power of sterile ; 
spinal fluid samples was measured. In one series the sugar content of the ' 
fluid after puncture was 65 mg. per 100 cc. The sugar content of the fluid 
which was kept for 24 hours in the incubator without thymol was 33 mg., 
and that with tlij-mol w^as 40 mg. per 100 cc. The fluid kept for 24 hours 
in an icebo.v without thjmiol contained 55 mg. of sugar; the fluid from which 
the cells w^ere centrifuged out and wiiich w'as then kept for_24 hours in the 
incubator without thjunol contained 63 mg. of sugar. Similar^ measure- 
ments of a second series revealed essentially identical findings, indicating 
that the low' sugar content depended on the gtycolytic pow'er of the cells 
in the spinal fluid. 

On the 72d day after the first admission, treatment W'as starteil with 
intravenous Fowier’s solution in doses of 10 minims daily with an increment 
of 1 mi nim daily, and also deep Roentgen ray treatment over the base of 
the skull. The response W'as dramatic. For 2 daj's the number of cells 
in the blood slowiy decreased, whereas the number of cells in the spinal 
fluid, both wiiite and red, rose sharp!}' (Chart I). Three days later, how'- 
ever, headaches and vomiting appeared, and the arsenic was discontinued. 
The next day the patient had a severe chill with a temperature of 102° P. 
Five days after beginning treatment the white blood count had reached a 
level of 3000 and there w'ere only 500 wiiite cells in the spinal fluid. Roentgen 
raj' treatment w’as now' discontinued and a transfusion of 500 cc. of citrated 
blood given, as the red cell count had fallen to 2,300,000 and the hemoglobin 
to 37%. 

For the next 12 days the w'hite cells in both the blood and the spinal 
fluid remained low'; on the 87th day, how'ever, the w'hite cells in the blood 
began to rise again and in 4 days reached a level of 30,000, w'hereas the 
number of w'hite cells in the spinal fluid remamed betw'een 25 and 50. 
The spinal fluid pressure was normal, and the protein content 125 mg. per 
c.mm. Fowier’s solution w'as now' given for 5 days mthout effect. After 
an interval of 4 days Roentgen ray therapy w'as again started, this time 
without effect. The spinal fluid continued to remain low in cells. "There- 
after the patient ran a progressively dow'nhOl course. 

By the 77th day the basal metabolism had reached a rate of -f-25%. 
Cer\ical and axillary adenopathy w'as revealed on the S6th day, and the 
spleen w'as first palpated on the 108th day. Petecliial hemorrhages over 
the feet and legs, and tarrj' stools with diarrhea and painful rectum w'ere 
observed on the 110th day. On the 122d day, for the first time, a crop of 
fresh retinal hemorrhages w'ere seen in each fundus. On the same day the 
Roentgen ray plate W'as interpreted as showing periosteal changes in the 
orbits. All previous plates of the long bones, chest, pehis, skull and orbits 
had been negative. 

Roentgen raj' treatment over the spleen was attempted, without benefit, 
on the 130th day. Four more transfusions w'ere given betw'een the 115th 
and the 138th daj's, in order to combat the progressive anemia, the red 
cell counts tending to fall below' 1,500,000 and the hemoglobin to 25%. 
On the 135th day the patient developed a S. hemol5'ticus infection at the 
site of one of the transfusion cannula w'ounds. He began to bleed from the 
mouth and the renal tract, in addition to having bloody stools. The w'hite 

blood count ■’ ‘ to 5000 Ij'mphocytes, with less than 10% 

of the cells ■ ^ , ■ : .liese verj' toxic in appearance. No new' 

neurologic signs developed, but there w'as a temperature of 102° to 103° F. 
Death followed 139 days after the first observation. The patient remained 
clear mentally to the end and seemed to die from exhaustion and hemorrhage. 

Necropsy. A complete postmortem examination w'as done 1 hour after 
death (Dr. Robert Williams). The skin show'ed numerous purpuric spots 
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2 mm. in diameter and had a slight icteric tinge. There was no excess of 
fluid in the serous cavities, but the serous membranes in the three cavities 
were studded with pin-point hemorrhages. The heart was normal except 
for a small hemorrhage into the anterior cusp of the mitral valve. The 
lungs showed small hemorrhages at the posterior part of each base. The 
tracheal lymph nodes were slightly enlarged. The liver and spleen were 
enlarged. The esophagus and the stomach were normal, but the small 
and the large intestines, including the rectum, contained many pin-point 
hemorrhages. The kidneys had many small hemorrhages throughout their 
substance and there was bloody urine and fresh hemorrhages in the bladder. 
The brain and cord were grossly normal and each retina had several hem- 
orrhages 1 to 2 mm. in diameter. The bone marrow was bright red. 

Histologic Examination. Heart muscle and pericardium, lungs, bronchial 
walls and pleura were studded ■with small foci of very young, as well as 
mature lymphocytes. Similar foci were also found in the pancreas, kidneys, 
small and large bowels, rectum, spleen, liver, adrenals, lymph nodes, adven- 
titia of the aorta, sternal and femoral marrow and skin. The eye showed 
similar infiltration of the optic nerve sheath, sclera and retina, in addition 
to many large and small hemorrhages in the retina. The meninges of the 
brain and cord were rather diffusely infiltrated with scattered foci of very 
young and of adult lymphocytes, but showed no sign of hemorrhage or of 
other type of meningeal reaction. The cerebral tissue itself contained 
scattered minute foci of very small lymphocytes wthout perivascular 
infiltration or hemorrhage. The cerebellum, remarkably, was free of 
change. Hematoxylm and eosin sections showed infiltrations of the pos- 
terior roots of the cord -with young and with adult lymphocytes. The 
cord substance itself was normal except that in some areas occasional 
round cells were seen near the anterior roots. Oxidase stain of various 
tissues invaded with these cells showed that they were of the lymphocytic ^ 
series. The anatomic diagnosis was acute lymphocytic leukemia. 

Comment. The significance of the observations described in this 
case lies not only in the remarkable clinical features, but also in the 
fact that detailed clinical and laboratory observations were made 
from a relatively early stage of this disease to its termination. The 
unusual feature of this case was the early appearance of neurologic 
signs with remarkable changes in the spinal fluid before any abnor- 
mality could be ascertained in the appearance of the blood cells, in 
the spleen, the Ijunph nodes, or in the basal metabolic rate. Whether 
or not the nervous tissue was first involved it is not possible to state, 
as changes in the central nervous system might have caused more 
demonstrable clinical signs than changes in other organs. 

It seems to us quite remarkable that there was no evidence of 
bleeding within the central nervous system, either clinically during 
the hemorrhagic phase or microscopically at postmortem. 

The leptomeninges were probably the source of the lymphocytes 
in the spinal fluid, as they were the most prominently involved part 
of the nervous system at autopsy. The high spinal fluid protein is 
difficult to interpret. It will be shown later that abnormally high 
protein values are not infrequently found in the spinal fluids of 
cases of leukemia with central nervous system complications. Neo- 
plastic tissue in contact with the pia-arachnoid is known to be the 
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source of very high protein content in the cerebrospinal fluid, and 
this is a valuable diagnostic aid in determining the presence of 
brain tumor. A similar mesodermal reaction which we believe to 
exist in leukemia might also raise the protein content considerably. 
The occasional low spinal fluid sugar values in this case are explained 
by the high glycolytic power of the leukemic cells in the fluid. 

Clinical Manifestations of Involvement of the Central Nervous System 
in Leukemia. The literature on the subject of leukemia with central 
nervous system involvement includes, as far as we have been able 
to ascertain, 146 cases, reported by 75 authors (38 in German, 17 in 
American, 8 in English, 7 in French, 2 in Italian, 1 in Spanish, 1 in 
Swedish, and 1 in Russian literature). Since the fiirst case described 
by the anatomist Burns in 1823^ as a strange growth in the brain, 
probably a case of cerebral chloroma, the number of cases reported 
has steadily increased. Out of 38 cases of chloroma reported in the 
literature. Dock and Warthin, 1904,- found 13 cases with cerebral 
and spinal involvement, and to these they added 1 case of their own. 
Baudouin and Parturier, in 1910,® and Tapie and Cassar, in 1919,^ 
gave excellent summaries of the French literature. In 1926 Fried® 
summarized 30 cases— mostly from the German literature~in addi- 
tion to reporting 1 of his own. In 1927 Tromner and Wohlwill® 
reported careful microscopic examinations of the postmortem mate- 
rial from 12 cases of leukemia, 9 of which had manifested no neuro- 
logic signs or s\*mptoms. They found, nevertheless, that 11 (91%) 
had microscopic evidence of invasion of the central nervous system. 
Ten of their cases showed invasion of the dura at the Gasserian 
ganglion; in only 1 case, however, was there a t 5 ’pical trigeminal 
neuralgia. These authors suggest that the fifth nerve should be 
tested in all cases of leukemia. Mets and Hunter, in 1933,^ described 
4 cases of lymphatic leukemia with involvement of the central 
nervous system. The spinal symptoms and pathology in leukemia 
were studied by CritcMey and Greenfield,® in 1930. Diamond,® in 
1934, published an excellent micropathologic study of 14 cases 
that he had examined, 7 of which showed no neurologic signs. In 
this paper Jaffe pointed out that leukemia does not involve tlie 
nervous system as a metastasis, but that the involvement represents 
the response of the neurologic mesoderm to a general disturbance of 
mesoderm throughout the body. The rest of the literature analyzed 
consisted chiefly in clinical and pathologic case reports combined 
with bibliographic references. 

The tjTie of neurologic lesion in the 146 cases reported in the 
literature, 89% of which came to postmortem examination, are 
presented in Table 2. The classification is based on the most 
significant presenting lesion, as found at postmortem, or as indi- 
cated by the clinical signs of those few cases without necropsy. In 
many of the cases (30%), however, more than one part, of the 
nervous system was involved. The 23 cases with cranial nerve 
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palsies included 17 cases of seventh nerve paralysis with 12 instances 
of diplegia, and 7 cases of sixth nerve palsies with 5 diplegias.^ One 
of the 7 cases had both sixth and seventh nerve palsies. The eighth, 
ninth, tenth, eleventh and twelfth cranial nerves were the least 
frequently involved. 

Table 2. — Neurologic Lesions in 146 Cases of Leukemia Reported in the 

Literature. 



No. of 

Per cent 

Type of lesion. 

cases. 

of total. 

Cranial meninges . 

26 

17.8 

Cranial nerve nuclei 

23 

15.7 

Cerebral invasion . 

23 

15.7 

Cerebral hemorrhage . 

47 

^32.2 

Peripheral nerve 

2 

1.4 

Spinal meninges 

10 

6.9 

Spinal cord invasion 

12 

8.2 

Spinal cord hemorrhage 

1 

0.7 

Spinal extradural . 

2 

1.4 

Total 

146 

100.0 


It is of special interest that the pathologic reports of Tromner and 
WohlwilP and of Diamond*’ indicate that in leukemia a very high 
proportion of cases (over 90%) show microscopic involvement of 
the central nervous system. Between 50 and 75% of the cases, 
however, show no neurologic signs during life, suggesting that from 
25 to 50% of all cases of leukemia should exhibit some clinical sign 
of neurologic involvement. 

We have accordingly analyzed for neurologic signs and complaints 
the records of all the leukemia cases at the Boston City Hospital 
during the last 20 years (240 cases), at the Huntington Memorial 
Hospital during the last 10 years (67 cases), and at the Massachu- 
setts General Hospital during the last 5 years (27 cases) : a total of 
334 cases. It was found that 20.5% had neurologic complications, ' 
excluding retinal lesions. It is to be regretted that in only 3.3% 
had postmortem examinations of the central nervous system been 
performed, and in none were careful serial sections made. It is 
impossible to classify the cases on an anatomic basis and to correlate 
the neurologic findings. We have grouped them according to the 
symptoms and signs. Tables 3 and 4 show the details of these find- 

Table 3. — Involvement of the Nervous System in 334 Cases of Leukemia 
Recorded in 3 Boston Hospitals. 

Number. Per cent. 


Total cases 334 

Postmortems 65 16.4 

Postmortems of central nervous system . . 11 3.3 

Involvement of central nervous system* . . 69 20 5 

Retinal hemorrhage 38 11 4 

Ophthalmoscopic examination 127 38 0 


* These figures are based on clinical manifestations .and do not include cases with 
retinal hemorrhage. 
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ings. It is of interest that the most frequent neurologic manifesta- 
tions were cranial nerve palsies or anesthesias. Unilateral or bilat- 
eral involvements of the seventh and sixth nerves were most fre- 
quently encountered. It is probable that with greater appreciation 
of the neurologic complications in leukemia the incidence of neuro- 
logic symptoms and signs will be found to be higher than the 20.5% 
obtained from the records. 


Table 4.— Neurologic Symptoms and Signs in C9 Cases of Leukemia Recorded 

IN 3 Boston Hospitals. 


Clinic.^l manifestations. 


No. of Per rent 

cases. of tot.al. 


Cranial nen^e palsies or ancsthesi.a 21 30 

Absent refle.xes 13 19 

PjTamidal signs 8 12 

Paresthesias 10 14 

Herpes 4 0 

Meningeal signs 5 7 

Miscellaneous: Coma, paralysis, tremors . . 8 12 


Total 


C9 100 


In order to ascertain whether neurologic signs are more apt to 
occur in one form of leukemia than in anothei’, the incidence of 
neurologic manifestations has been analyzed in the various types 
of leukemia of the Boston group of cases, as well as of the cases 
with neurologic involvement reported in the literature. Obviously, 
the classification of leukemias was not feasible in all instances; tlie 
latter group, as well as instances of chloromas, is included in the 
"miscellaneous group” of Table 5. The data presented in this table 
indicate that neurologic complications are apt to occur with about 
equal frequency in acute and in chronic forms of leukemia, as well 
as in IjTuphatic and in myelogenous tjq)es. 


Table 6.— Neurologic Ini'olvement in Different Types of Leukemia. 


Type of leukemia. 


Tliree Boston hospitals (334 cases) 

Acute lymphatic 

Chronic lymphatic 

Acute myelogenous 

Chronic myelogenous 

Miscellaneous group 

Reported in literature (14C cases) : 

Acute lymphatic 

Chronic IjTnphatic 

Acute myelogenous 

Chronic myelogenous 

Miscellaneous group (including 21 cases of 
chloroma) 


Total cases. 

Involvoment 
of central 
nervous 
system. 

Retinal 

involvement. 

No. 


No. 

<7 

/O. 

No. 

%. 

C2 

IS. 5 

14 

22.6 

14 

22.0 

80 

23.9 

17 

21.2 

8 

10.0 

58 

17.3 

13 

22.4 

8 

13.8- 

91 

27.2 

21 

23.1 

7 

7.7 

43 

12.9 

4 

9.3 

1 

2.3 

29 

19.8 

29 

100.0 



17 

11.6 

17 

100.0 



1 21 

14.4 

21 

100.0 



<>>> 

“ 

15.1 

22 

100.0 



67 

.39.0 

67 

100.0 
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The Cerebrospinal Fluid in Leukemia. Little is known of tlie 
changes in the cerebrospinal fluid in leukemia, since in many of the 
cases reported in the literature lumbar punctures were not done. 
Of the 146 cases reported, only 23 had lumbar punctures and 1 a 
ventricular puncture (15.8%). Five of the 24 had two lumbar 
punctures, 1 had four, and 2 had combined cistern and lumbar 
punctures for leukemic spinal block. There are, therefore, in the 
literature altogether 35 examinations of specimens of spinal fluid. 
In none of these cases, however, was the fluid adequately studied. 
Of the 24 cases with spinal tap only 6 (25%) showed normal fluid 
with respect to pressure, protein and cell content. In Q of the 
24 cases (37.5%) there was an increase in the cellular elements. 
Hall’s case of chloroma had 120 lymphocytes “per sixth field” but 
was described as cloudy.^*’ In Hill’s case the ventricular fiuid con- 
tain 370 lymphocytes,^^ and in Barker’s, 267 myelocytes.^^ Bitterer 
reported a case with cloudy fluid with 80 % myelocytes,^® and Schwab 
a case with bloody fluid. i'* In the patient studied by Mieremet, the 
second tap revealed 34 lymphocytes.^® Heissen’s case had 375 
myelocytes in the fluid of the first tap and none 10 days later.^® 
Munro reported 4 taps on his case of meningeal leukemia with 
bloody fluid each time.^^ Viets observed 1 case of acute lymphatic 
leukemia with 750 lymphocytes and meningeal signs. 

In 10 cases there was increased protein qualitatively, as measured 
by the Bandy or Nonne-Apelt tests, and in 4 there was a quantitative 
increase— a total of 58.3%. Three of the 10 cases exhibited signs 
of block as a result of leukemic myelitis, but in 1 of these the fluid 
drawn from the cistern was, nevertheless, normal in protein. The 
spinal fluid pressure was high in 8 of the 24 cases, it was not men- 
tioned in 4, and was normal in the rest. Bacterial cultures in 5 
were negative. Sugar contents were normal in the 3 cases in which 
this test was done. No chlorid determinations were reported. Five 
cases showed midzone rises in the colloidal gold curve. The Wasser- 
mann reaction was negative in the 17 cases in.which it was tested. 

Among the 240 cases of leukemia at the Boston City Hospital 
there were 41 cases with signs referable to the central nervous 
system, excluding retinal hemorrhages. There were but 6 cases in 
which lumbar punctures were done (Table 6), not including the 
case here reported, in which repeated detailed studies of the spinal 
fluid were made. Of the total 7 cases with spinal tap, the fluid was 
entirely normal in 2, in 1 with active sj'philis it contained IS lympho- 
cytes, and in 1 there were 500,000 red blood cells and a protein con- 
tent of 524 mg. per 100 cc. The remaining 2 showed only. high 
pressures with normal protein and cell contents. There was 1 addi- 
tional case on which lumbar puncture was not done, but which at 
postmortem examination 4 hours after death showed 12,000 lym- 
phocytes in the ventricular fluid. Control observations in post- 
mortem spinal puncture showed only from 10 to 20 large cells. 
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Table 6.— Spinal Fluids in 10 Cases of Leukemia Collected by the Authors.* 

Celia 





Protein, 

(lympho- 




Pressure, 

mg. per 

cytca). 

Colloidal 

No, 

Type of leukemia. 

mm. HiO. 

100 cc. 

per c.mm. 

gold curve. 

1 

Chronic lymphatic 

250 

32 

2 

0000000000 

2 

Acute myelogenous 


Negative 

3 


3 

Chronic myelogenous 

320 

28 

0 

0000000000 



250 

32 

0 

0000000000 

4 

Acute myelogenous 


IS 

0 

0000000000 

5 

7 

Normal 


18 


6 

Chronic myelogenous 

Low 

524 

600,000 





(Yellow) 

(R. b. c.) 


7t 

Acute lymphatic 

200 

120 

500 

2334432111 

S 

Chronic lymphatic 

100 

30 

3 

0000000000 

9 

Acute myelogenous 

450 

+ + + 

22 

6443322100 



450 

110 

12 


10 

Acute myelogenous 

SO 

+ + + 

170 



* Cases 1 to 7 are from the Boston City, 8 and 9 from the Massachusetts General, 
and 10 from the Huntington iMemorial Hospital. 

t These figures represent the average of 40 lumbar punctures done on our reported 


case. 


In the 67 cases of leukemia at the Collis P. Huntington Memorial 
Hospital during the last 10 years, one lumbar puncture was done 
in a case of meningeal leukemia. The spinal fluid showed 170 Ijon- 
phocytes, increased protein, and a weakly positive spinal fluid 
Wassermann. Necropsy revealed no evidence of syphilitic involve- 
ment of the central nervous system, but there was an extensive 
meningeal leukemic infiltration. Of the 27 cases of leukemia at the 
Massachusetts General Hospital, 2 had lumbar punctures, 1 with 
normal and 1 with abnormal findings. The details of the spinal 
fluid examinations of the Boston cases are presented in Table 6. 

Thus, 24 patients who had had lumbar punctures were collected 
from the 146 cases of leukemia with central nervous s5'^stem involve- 
ment reported in the literature. To this number, 10 were added 
from 334 cases of leukemia studied at the Boston City Hospital, 
the hlassachusetts General Hospital and the Huntington Memorial 
Hospital. Of this total of 34 cases available, only 9 (26.4%) had 
normal spinal fluids. The most frequent abnormalities of the 
cerebrospinal fluid were in the protein content (in 52.9% of the- 
cases); the pressure (35.3%) and the cell content (41.4%). The 
changes occurring in the spinal fluid of patients with leukemia are 
best illustrated by the numerous obser^^ations in the case here 
reported, which is the first instance in which the spinal fluid was 
adequately studied over a prolonged period. 

In all cases of leukemia neurologic examination and lumbar punc- 
ture should therefore be done. Neurologic signs and changes in the 
spinal fluid may at times be the only diagnostic feature of the case. 
Examination of the spinal fluid should include manometric pressure 
readings, total and differential cell count, and quantitative protein, 
sugar and chlorid values. If any abnormality is found, repeated 
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taps are indicated. Even with a normal initial fluid, lumbar punc- 
tures should be done from time to time. 

Summary. 1. The clinical course of an unusual case of acute 
lymphatic leukemia is reported. The presenting manifestations 
were facial diplegia and a spinal fluid, under elevated pressure, con- 
taining 2000 cells and increased amounts of protein. The usual 
clinical manifestations, including the blood picture, developed 
later, over a period of 10 weeks. The relationship between changes 
in the spinal fluid and changes in the blood has been systematically 
studied. 

2. An analysis of the literature of the past 50 years has revealed 
146 cases of leukemia with neurologic signs, excluding retinal 
involvement. It is estimated that only about 25% of cases with 
histologic evidence of leukemic infiltration of the central nervous 
system exhibit neurologic signs. 

3. An analysis of the records of 334 cases of leukemia in Boston 
revealed an incidence of 20.5% with neurologic signs, excluding 
retinal lesions. The frequency of neurologic complications in the 
acute and chronic types of leukemia, and in the Ijmiphatic and 
myelogenous types, was about the same. 

4. The most frequently observed neurologic signs were unilateral 
or bilateral palsies of the seventh and sixth nerves, with less frequent 
involvement of the fifth, eighth, ninth, tenth, eleventh and twelfth 
nerves. Absent deep reflexes, pjTamidal signs, paresthesias and 
signs of meningeal irritations have also been encountered. The 
neurologic signs, and particularly involvement of the cranial nerves, 
often eidiibit rapid fluctuations. 

5. In 73.6% of 34 cases the spinal fluid showed abnormal findings, 
as indicated by increased cell count, by increased protein content, 
and by elevated pressure. 

6. In view of the frequent involvement of the central nervous 
system, systematic neurologic examination of the patients and study 
of the spinal fluid can lie of aid in the diagnosis and management 
of patients with leukemia. 
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FATAL ETHYLENE DICHLORID POISONING. 

By W. C. Hueper, M.D., 

EX-nESIDENT PATHOLOGIST, UNn'ERSITT HOSPITAL, AND 
HASKELL LABORATORT OF lOTHSTRIAL TOXICOLOGT, 

■VriLMINGTON, DEL., • 

AND 

Caleb Smith, M.D., 

INTERN, UNn^ERSITY HOSPITAL, PHILADELPHIA, PA. 

(From the Hospital and Department of Pathology, University of Pennsylvania.) 

Ethylene dichlorid, the fu-st loiown of the ethylene-halogen 
compounds, was discovered in 1795 by Dutch chemists who named 
it “Dutch liquid.” The formula is CH 2 CI-CH 2 CI. It is not to 
be confused with dichlorethylene CH 2 =CCl 2 and CHCl = CHCi 
from which it differs chemically as well as pharmacologically, especi- 
ally in its action on the eye (Steindorff'*). 

Ethylene dichlorid was first used as an anesthetic (Nunneley, 
Simpson, Snow-) in 1S4S-1S49 (Eulenberg®). In 1879, a committee 
of the British hledical Association*® reported on the use of ethylene 
dichlorid as an anesthetic after experimentation on rabbits. Just 
when this substance ceased to attract attention as an anesthetic is 
not certain, but it is likely that the discovery, in 1887, by DuBois 
and Roux,* that it caused corneal opacities was a factor in its being 
discarded. In recent years ethylene dichlorid has found many new 
uses. The fourth edition of Merck’s Index^ listed it as an anesthetic, 
rubefacient and antispagmodic; it stated that it is used internally 
for general anesthesia, cramps and diarrhea and externally as a 
soh'ent for iodin (for skin disinfection), fats, oils, gimis, resins and 
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esters. The maximum dose is stated as 1 cc. for single dose and 
3 ce. per day. 

Today ethylene dichlorid is used commercially chiefly as a solvent; 
in cleaning fluids and lacquers it has a wide and increasing applica- 
tion. It has been used to HU moths and weevils, the latter in the 
fumigation of grain and flour. In a mixture with carbon tetra- 
chlorid it has been employed as a fumigant and a fabric cleaner. 
Sayers, Yant, Waite and Patty® stated that ethylene dichlorid has 
been cited as a stimulant for sprouting potatoes. The inhalation 
of ethylene dichlorid is an important problem in industrial hygiene. 
It is strange that in spite of its extensive commercial use, no cases 
of ethylene dichlorid poisoning after oral ingestion have apparently 
been reported previously. 

Case Report. S. E., male, aged 63, accidentally drank upon an empty 
stomach 2 ounces of ethylene dichlorid which he has mistaken for gin and 
had mixed with orange juice and ginger ale. No immediate effects were 
felt. No alcoholic beverages were taken before or after drinking the 
ethylene dichlorid. Two hours later he began to feel nauseated and faint 
and started to vomit during the following hour. When he arrived at the 
hospital, 5 hours after the accident, he appeared dazed and distressed and 
was unable to stand. He vomited a liquid that resembled milk, which 
had been given to him by his family physician 3 hours before. Because 
the impression had been given that the fluid which he had drunk contained 
mercury, his stomach was lavaged with 2 quarts of milk; 8 ounces of mineral 
oil were left in his stomach. 

On ‘physical examination the blood pressure in the right arm was 152/84, 
in the left 136/82. The biceps, triceps and patellar reflexes were active. 
The skin of the body was pale, cool and dry. The face was cool and 
moist. The lips were slightly cyanosed. There was no jaundice. The 
conjunctiva was moderately injected. The extraocular movements and 
accommodation were 'normal. The pupils were dilated and equal. In 
bright light they constricted slightly and momentarily. The corneas were 
clear. The odor of the breath resembled that of clfloroform but had also 
a pungent quality. The tongue had a heav^'- yellow coating. The upper 
pharynx was injected. Coarse rales were heard over the lung bases. 
The heart sounds were distant. The left radial pulse was not palpable, 
while the right was normal. His rectal temperature was 96.2° F., his 
pulse 72 and respiration 20. He continued to vomit an opaque yellow- 
ish fluid mixed with oil. He was given 750 cc. of a 10% glucose solution 
intravenously. A blood count taken during the night, 8 hours after 
the accideirt showed: Erythrocytes, 5,260,000; leukocytes, 11,800; 86% 
neutrophils (32 filamented and 54 non-filamented), 11% lymphocytes, 3% 
monocytes; no reticulocytes; no abnormality of erjdhrocytes. A urin- 
alysis of the 16 ounces of urine voided at about this time showed ; Specific 
gravity, 1.028; acid reaction, yellow flocculent sediment; moderate albu- 
min; 4+ sugar; no acetone; no diacetic acid; bile salts present; b ilir ubin 
present; no urobilin; few hyalin and granular casts; no erythrocytes, no 
mucus, crystals or cylindroids. Seven dark broum liquid stools were 
passed during the night. The patient felt during this period as though he 
were intoxicated on alcohol except that there was no euphoria. The 
examination of 6 ounces of urine voided during the early morning hours 
showed a specific gravity of 1.009; alkalin reaction; turbid, abundant 
albumin, 3-t- sugar; no acetone, diacetic acid, casts or erythrocytes; 5 to 
7 white blood cells per high-power field; no epithelial cells, few mucous 
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shreds; many triple phosphate ciystals; no cylindroids. He complained 
of a pain in his lumbar spine and later in the right lower abdomen. His 
rectal temperature taken during the morning hours was 99.p° P., his pulse 
lOS and his respiration 30. A A’’an den Bergh test at this time showed 
that the direct reaction was biphasic and the indirect reaction was 4.6 units. 
He was drowsy and did not answer questions. Soon afterward his hands 
and face became cj^anosed; pulse and heart sounds could not be obtained 
and his respiration became more labored. In spite of administration of 
adrenalin, atropin sulphate, caffein sodiobenzoate subcutaneously and the 
use of an oxygen tent the patient died 22 hours after the accident. 

On postmorlem examination (W. C. Hueper; 3 hours after death) the 
pleura was smooth and glistening with the e.xception of a, few old adhesions 
at both apices. The lungs were well distended, grayish-red, moderately 
anthracotic. The lower lobes had a fleshy consistency in places and were 
of a darker red color. The cut surface was reddish in the upper lobes and 
bluish-red in the lower lobes. Dark red blood was oozing freel}’’ from the 
cut surface. The bronchi were free and liad a A'elvet}’^ smooth mucosa. 

The /wart Avas normal for small foci of sclerosis and calcification in the 
wall of the coronarj' vessels. The aorta showed a moderate degree of 
sclerosis. 

The peritoneum was smooth and glistening with no free fluid. The gall 
bladder, pancreas, suprarenal glands, testicles, prostate, seminal vesicles 
and the marrow from the femur, rib and lumbar vertebrre were normal. 

The liver weighed 1600 gm. and measured 26 by 22 by 6.5 cm. Several 
deep respiratory sulci were found over the right lobe. The surface was 
smooth and shov'ed a reddish-brown mottling with a few distinct yellow 
areas. Blood exarded freely from the cut surface which showed many 
irregular, small 3 >-ellow areas. 

The spleen weighed 200 gm., and measured 13 bj" 3.5 by 8 cm. The 
capsule was gray and smooth. The organ was firm and showed on the cut 
surface distinctly outlined follicles embedded in a dark red pulp. 

The kidneys had moderately adherent capsules. The right organ weighed 
170 gm. and measured 13 bj'^ 5 bj'- 3.5 cm., left weighed ISO gm. and measured 
13 by 6 b}" 4 cm. There were many small cysts and several coarser retrac- 
tions present in the grayish-red cortex. The cut surface showed a reddish- 
gray cortex Avith fine red radiating stripes and AA^ell-demarcated, grajdsh- 
purple pyramids. 

The esophageal mucosa was smooth and graj^ The stomach held a large 
amount of a grajush-j’^elloAv, turbid liquid containing oil droplets and Avhite 
floccules. The mucosa was slightly folded, sAAmllen and grayish-red. There 
Avere no hemorrhages or ulcerations. The mucosa of the duodenum, jejunum 
and ileum showed a similar picture. Small red spots were present in the 
lower part of the mucosa of the ileum. The subserous vessels of the dis- 
tended intestine were injected. The degree of hj'^peremia increased'toward 
the cecum. The intestinal lumen was filled with a reddish-broAAm fluid. 
The large bowel was reddish-purple and contained a light broAAm, semifluid 
material. The mucosa of the cecum, ascending, transverse and upper part 
of the descending colon was markedly sw'ollen and of deep red color. 

The vessels of the pia arachnoid were markedly hj’^peremic. The brain 
AA’eighed 1450 gm. The cut surface of the brain AA^as h 3 'peremic Avitli 
abundant oozing of blood from the cut A^essels. There AA'as no macroscopic 
exidence of hemorrhages. The amount of fluid in the lateral A^entricles 
w'as somewhat increased. 

Microscopic Examination. The m 3 ’'ocardium shoAA^ed a moderate and 
diffuse infiltration with l 3 Tnphocytes wiiich sometimes formed small peri- 
A’ascular accumulations. The muscle cells appeared normal. 

The ah'eoli of the lungs AA-ere distended in places and formed smaller 
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cavities caused by the rupture of the interalveolar septa. Alveoli locked 
adjacent to these emphysematous regions appeared to be compressed, iiie 
vessels were filled with blood and the larger ones contained numerous 

The bloodvessels and capillaries of the liver were distended, filled with 
erythrocytes and numerous leukocytes. Small heinorrhages were occa- 
sionally seen. Fatty degenerated cells were present m moderate number, 
especially in the periphery of the lobules. xx j 

In the pancreas many areas of fat tissue were found scattered in tne 

normal parenchyma. . , 

The spleen showed a marked distention of the sinuses and pulp spaces 
with erythrocytes. The follicles were normal. _ 

The cortex of the kidneys showed a few arteriosclerotic scars, ihe 
tubular epithehum in the cortical region had partly lost its nuclei, a granular 
pinkish material filling the lumina. The lumina of the pyramids contained 
bluish-stained casts. Those of the papillary portions were completely ne- 
crotic in some areas, having become incrustated with calcium salts evidenced 
by the intensely blue staining of the cellular debris. The surrounding tubular 
elastic membranes, which filled in part the collapsed lumina in curl-like 
formations, and elastic membranes of adjacent smaller vessels were also 
calcified. Bluish coarse granules were seen in the cytoplasm of some 
tubular epithelial cells, pointing to the causative mechanism of the calci- 
fications present in the surrounding renal tissue. The apparently well- 
preserved tubular epithelial cells contained on the other hand not infre- 
quently a coarse, granular, brown pigment. 

Suprarenal glands and testicles were normal. 

Sections from the colon showed a complete absence of epithelial lining; 
only in the glandular invaginations was it well preserved. The loose con- 
nective tissue of the mucosa showed a marked imbibition of erythrocytes 
mixed with a moderate number of leukocytes which were mainly of the 
mononuclear and immature neutrophilic type. The vessels of the sub- 
mucosa were engorged and contained numerous leukocytes. There was a 
diffuse erythrocytic infiltration in the submucosa. A marked vacuolar and 
granular degeneration with a loss of the normal longitudinal striation and 
cell structure was present in the muscularis. Sections from the ileum 
revealed a marked leukocytic infiltration of the mucosa and extensive 
granular degeneration of the muscularis. The submucosa was hyperemie 
and edematous. The cells of the nervous plexus in the ileum and colon 
seemed to be normal. 

Sections prepared from the basal ganglia of the brain showed many small 
perivascular hemorrhages. The bloodvessels were hyperemie and there 
was a moderate increase in the number of small glia cells around some of 
the smaller vessels. The cerebellum was normal. 

_ The skeletal muscle removed from the abdominal wall contained an 
interstitial, lymphocytic infiltration which was diffuse and marked. A 
small, ovoid cyst filled by the sectioned parts of a trichina was found in 
the interstitial tissue, where it was surrounded by a dense lymphocytic 
accumulation. 

The femur contained normal fat marrow' throughout in which were 
scattered a few small foci of myeloid tissue. A rib and two vertebrm con- 
tained normal myeloid marrow except that a slight increase of nucleated 
erythrocytes seemed to exist. 

Pathological Diagnosis; Hemorrhagic colitis; nephrosis with cal- 
cifications of the tubular epithehum and tubular and vascular elastic mem- 

passive congestion of the liver, passive 
congestion of the spleen and lungs; multiple perivascular hemorrhages of 
the brain; chrome myocarditis and myositis due to trichinosis. ^ ^ 
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Comment. The toxic action of ethylene diclilorid was already 
reported on by the early investigators of this substance.^® Eulen- 
berg, in 1876, anesthetized rabbits with it and found that it caused 
dizziness, mydriasis, complete insensibility of- the cornea and 
hyperemia of the conjunctiva. The committee of the British Medi- 
cal Association^® noted con\Tilsive movements that persisted until 
death in the rabbits anesthetized vith ethylene dichlorid (1879). 
DuBois and Roux,-* in 1887, DuBois," in 1888, Parnas,® in 1888, 
Faravelli,’^ in 1892, Erdmann, in 1912, Bullot,® in 1896, and 
SteindorftV in 1922, observed during the course of extensive experi- 
mentation with ethylene dichlorid that this substance, when inhaled 
or injected subcutaneously or intravenously, caused a temporary, 
white, blue-white opacity of the cornea in various animals. These 
opacities, they found, cleared up from the peripheiy after several 
months and were due to an infiltration of the cornea by lymphocytes 
and connective tissue cells. It may be mentioned in this connection 
that ethylene dichlorid is the only saturated chlorin compound of 
the ethane series that has this action. Among the unsaturated 
compounds that have a similar effect in dichl or ethylene. The acute 
effect of ethylene dichlorid on the eye is a maximal dilatation of the 
pupil which may change after some time to myosis and anisocoria. 
Joachimoglu^® found that ethylene dichlorid has about the same 
anesthetizing effect as chloroform, but that its hemolytic action is 
only half as strong as that of the latter substance. Kiessling^® 
studied the action of this and related halogen compounds on the 
isolated frog’s heart. 

Kistler and Luckliardtj^® who recently investigated the pharma- 
cologic action of this substance, introduced into dogs ethylene 
dichlorid either by stomach tube or by intravenous injection. 
In general, dogs that did not die of the immediate effects (drop in 
blood pressure, excitement, incoordination, salivation followed by 
drowsiness, vomiting and dyspnea) of the drug passed through a 
stage characterized by depression, general sickness, emaciation, 
anorexia, lack of thirst, dyspnea, tarry stools and corneal opacities 
lasting several weeks, before they gradually recovered. The post- 
mortem findings tj-pical of all dogs that died from the effect of 
the poisoning were as follows: Delay of rigor vioriis by several- 
hours, bloody discharge from mouth and nostrils, edema of the 
lung, subserous hemorrhages of the heart, hyperemia of the liver, 
brownish discolorization of the liquid blood, hemorrhages into the 
mesentery and intestinal lumen, albumin and bile pigments in the 
urine. 

Sayres, Yant, Waite and Patty,® who exposed guinea pigs to the 
vapors of ethylene dichlorid, noted similar symptoms and post- 
mortem findings (irritation of eye and nose, vertigo, static and 
motor ataxia, retching movements, unconsciousness, incoordination 
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of extremities, first increased and later slowed and shallow respira- 
tion with low concentration and rapid and jerky breathing of 
dyspneic type with higher concentrations). 

Ploetz*^ stated that ethylene dichlorid had a hemolytic effect 
and Plagge ^2 noted that this substance inhibited fermentation of 
yeast. 

Many of the clinical and pathologic manifestations seen in the 
experimental animals were paralleled in this case. The outstanding 
symptomatic similarities were mydriasis, dizziness, increasing stupor 
and the gradually progressive circulatory failure which was mani- 
fested by cyanosis, rapid pulse and unsatisfactory response to 
glucose, adrenalin, oxj^gen and atropin. 

The appearance of large amounts of albumin and sugar in the 
urine and the occurrence of extensive tubular necrosis with calcifica- 
tions resembling those seen in mercury dichlorid poisoning indicated 
that the kidney is the excretory organ of this substance or its 
decomposition product which is presumably oxalic acid. The 
hemorrhagic condition of the mucosa of the colon, on the other 
hand, was most likely the result of the toxic action of ethylene 
dichlorid exerted upon the intestinal mucosa during the process of 
absorption. It can be justly assumed that under the conditions 
present in this case the ingested liquid reached this part of the 
alimentary tract without any great delay and left for these reasons 
no marked injurious effects upon the upper portions of the digestive 
system. This observation may possibly be of some value in the 
future therapeutic management of cases of this type, because it 
suggests that high colonic irrigations given early enough and in 
sufficient amounts may help to remove mechanically the ingested 
toxic material before it can be absorbed and cause irreparable 
organic damage. The histologic changes existing in the brain 
accounted to a certain extent for the nervous symptoms observed. 

In the absence of any marked myocardial lesion the actual direct 
cause of death was apparently a “hemorrhage” into the dilated 
capillary system of the internal organs resulting in circulatory 
failure. 

Summary. Ethylene dichlorid, known since 1795 and first used 
as an anesthetic, has recently come into widespread, commercial 
use as a solvent and cleaning fluid. 

A patient who drank 2 ounces of this liquid died within 22 hours. 
Stupor, vomiting, diarrhea, cyanosis and subnormal temperature 
were the outstanding clinical symptoms. Death was apparently 
caused by circulatory failure. 

The ingested substance caused an extensive hemorrhagic colitis, 
nephrosis with marked tubular calcifications and a generalized 
passive congestion of the internal organs beside multiple perivascular 
hemorrhages in the region of the cerebral basal ganglions. ‘ 
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SPINDLE CELL SARCOMA OF THE PANCREAS. 

By Ernst J. Oesterlin, M.D., 

PATHOLOGIST OF THE PATHOLOGICAL LABOKATORT OF THE MILWAUKEE HOSPITAL^ 

MILWAUKEE, WIB. 

ANB 

Robert W. Blumenthal, ]\I.D., 

MILWAUKEE, WIS, 

(From the Pathological Laboratory of the Milwaukee Hospital). 

S.\RCOiiA of the pancreas is very rare. Gruber could not find one 
sarcoma among 20^302 autopsies. In the older literature there is a 
report by Remo Segre who mentions among 11,492 postmortem 
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examinations 132 neoplasmata of the pancreas, 2 of them classified 
as sarcomata. 

Although the number of sarcomata of the pancreas given in the 
literature is very small, the larger part of them cannot stand criti- 
cism and should not be quoted as sarcomata. 

Three different types are described;' Round cell, giant cell, and 
spindle cell sarcoma. Marxer, analyzing these tliree forms in a 
thorough and lucid study, found that the small number of sarcomata 
of the pancreas should be reduced still further. He was able to 
prove that many of the reported pancreas sarcomata are either 
lymphosarcomata or metastatic tumors or not true blastomata at 
all, but of inflammatory origin. Some of the old cases could not be 
considered because they have no microscopic findings. 

Among the so-called round cell sarcomata he finds lympho- 
sarcomata, aleukemic leukemia and lymphogranuloma. It is inter- 
esting that the case of Litten which is quoted in so many papers 
as the, first described sarcoma of the pancreas is really a lympho- 
sarcoma. In Halasz’ case Marxer is able to rule out pancreatic 
sarcoma, pointing out the diffuse infiltration of the mesenteric and 
periportal lymph nodes, and two nodular tumors in the hilus of the 
lung and in the mediastinum. 

No blood findings are given. The diffuse infiltration speaks decid- 
edly for a generalized lymphosarcomatosis. In fact, Marxer con- 
cludes that the existence of round cell sarcoma of the pancreas 
has still to be proved. The same is true of the giant cell sarcoma. 
The giant cell sarcoma described by Weil is apparently a lympho- 
granuloma and not a sarcoma. 

Thus the spindle cell sarcoma is the only type that can stand 
criticism. Following is a short review of the cases of spindle cell 
sarcoma of the pancreas. 

Briggs first described spindle cell sarcoma of the pancreas (1890) 
and Neve next (1891). Schuele first called attention in his report 
of a spindle cell sarcoma to the pseudocystic structure of his tumor. 

In 1901 Boyd described a cystic spindle cell sarcoma with pro- 
found cachexia but no metastasis. Malcolm (1902) found a fibro- 
sarcoma of the pancreas in a child 4 years old. 

In the same year Oleari published a case with thrombosis of the 
portal vein and infiltration of the parenchyma of the liver. 

In 1903 Ehrlich described 2 tumors of the pancreas, one an en- 
dothelioma and the other a spindle cell sarcoma weighing 3000 grams. 
Both were cystic. Sobolew’s 4 cases (1910) illustrate the difficulty 
of distinguishing between primary and secondary growths of the 
pancreas. Two of his cases are definitely metastatic, 1 arising from 
a myosarcoma of the uterus. One is probably metastatic and the 
last is a true spindle cell sarcoma of the pancreas. 

In 1912 Costantini described a primary spindle cell sarcoma of 
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the tail and body of the panca'eas, Metastases in the liver were 
present. 

In 1921 Lockwood described a spindle cell sarcoma of the pan- 
creas and in 1925 Marxer a unilocular cyst with nodular wall and 
intensely thickened base, which microscopically proved to be a 
spindle cell sarcoma. 

In 1930 Tscherpnina described a pleomorphic sarcoma of the 
pancreas head combined with an intense sclerosis of the body and the 
tail and with cirrhosis of the liver. 

In this report a case of spindle cell sarcoma of the pancreas Avill 
be described. 

Case Report. The patient (studied clinical^ b 3 ’' Dr. R. W. Blumentlial) 
was a male, aged 57, married, and bj’' occupation a butcher. His udfe and 
1 child Avere living and Avell, 1 child djdng at the age of 10. There were no 

. : rp, father is in good health, aged 84, while his mother died 

■ . , . at 78. Three brothers and 1 sister are living and well. 

There is no other history of heart, or kidney disease, diabetes, cancer, or 
insanitj’’ in the famiiJ^ 

He was admitted to the hospital for the first time in March, 1932, after 
several j’^ears of slowb’- progressing weakness. Si.v months preAuously he 
had had a severe chill followed by feA'-er and vomiting which recurred at 
irregular intervals OA'er the next 3 months and was associated with moderate 
loss of weight. During the next 3 months he felt relatively well, however, 
gained 30 pounds and was able to return to light work. Immediately pre- 
ceding liis admission to the hospital he had again had fever, chills and 
vomiting. 

Physical examination at the time revealed a patient who did not appear 
to be in acute pain. His remaining teeth were in poor condition. The eyes 
reacted normally; the lungs were apparentlj'- normal. The heart was slightly 
enlarged vdth a soft mitral murmur. The pulse was small and slow, the 
vessels were beaded. 

The rounded abdomen shoAved a small umbilical hernia, no masses or 
tender areas. The Iwer border was 1 cm. below the costal margin. The 
spleen was not palpable. Reflexes, rectal and prostate examinations AA'ere 
negatwe. 

Laboratory findings: Basal metabolic rate plus 20%; blood Wassermann, 
Kahn and Widal tests negatwe; blood culture, no growth; blood sugar, 196 
mg. per 100 cc. of blood, non-protein nitrogen 38.7 mg. per 100 cc. of blood; 
creatinin 1.2 mg. per 100 cc. of blood; blood in feces, benzidine test for posi- 
twe, guaiac and Holland tests negatwe; electrocardiogram shoAved slight 
eAudence of coronarj’- sclerosis; red blood count 5,650,000; wliite blood count 
18,300. On the patient’s second admission (May 12) urobilinogen Avas 
found in the urine (diluted 1 to 8). Five days later it was negative; then 
became positive again—after 3 daj^s (immediately after operation) it Avas 
1 to 2. From tliis time on the urobilinogen increased gradua% — ^May 24, 
1 to 3; 25th, 1 to 30; 26th, 1 to 75; 27th and 28th, 1 to 50; Slst, 1 to 80; 
June 1st, 1 to 100. Then it came doAAm to 1 to 40 until he died June 4th. 
There was alAA'a 3 ’'s bile pigment in the urine. 

His highest temperature AA'hile in the hospital AA^as 104° F., the highest 
pulse rate 108, respiration 22. The urinarj’- sugar ranged from 4-f to 
negatiA'e. He was discharged from the hospital April IS, 1932, as improA^ed, 
AA-ith a })robable diagnosis of subacute bacterial endocarditis and diabetes 
mellitus. 

After a few days at home he AA'as forced to go to bed on account of feA'er 



Fig. 1.— Gross view of incised pancreas. A, Thrombus; B, body; C, tail; D, head. 
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and’weakness. ' He had had no pains or chills. Usually he felt well in the 
morning but by evening the fever and sweating would begin. There had 
been considerable loss of weight as well as a moderate jaundice. 

He entered the hospital a second time on May 12, when his blood pressure 
was 110 systolic and 64 diastolic, his nutrition poor, and he was apparently 
very sick. The history of jaundice, anorexia, loss of weight, with physical 
findings of tenderness in the gall bladder region, together with a mass in 
the right subcostal area, suggested cholecystitis with adjacent pancreatitis 
(possibly malignant) and hepatitis. A Roentgen ray examination of the 
gall bladder with dye revealed a normally functioning gall bladder, which 
was pushed laterally and deformed by a tumor in the midabdomen. The 
entire duodenum was displaced laterally in half a circle, probably by tumor 
originating in the pancreas. 

An exploratory operation (May 20) revealed an enormously distended, 
thin-walled gall bladder, as Avith a carcinoma of the pancreas or a stone in 
the ampulla. The pancreas was the size of two fists but not nodular. The 
liver was large with rounded edges and irregular areas . After the exploratory 
operation he ran a stormy course and died June 5, 1932. 

PosTAioRTEsi EXAMINATION (by Dr. E. J. Oesterlin 3 hours after death) : 

Anatomic Diagnosis. Pleomorphic spindle cell sarcoma of the pancreas. 

The head of the pancreas was enlarged to the size of a large grapefruit 
and contained many cystic cavities, without apparent epithelial lining. 
The entire parenchyma of the pancreas was replaced by a coarse fibrous 
tissue. Microscopically, the tissue consisted partly of mature coarse con- 
nective tissue fibers and partly of irregular whorls of pleomorphic cells, 
among which spindle shaped cells predominated. Occasional giant cells 
were found. Scattered through the tumor were necrotic areas, invaded by 
neutrophils. The margins of the cystlike spaces was also invaded by neutro- 
phils. The body and tail of the pancreas showed marked fibrosis. 

The spleen was much enlarged, weighing 370 gm. The pulp was easily 
scraped from the cut surface. 

Acute splenitis. 

The liver was considerably enlarged, weighing 2130 gm. It contains 
multiple abscesses, frequently fused, varying in size up to 4 cm. in diameter. 
Culture of the pus showed B. coli. 

Microscopic examination showed many necrotic areas invaded by neutro- 
phils, Avith adjacent granulation tissue. There were also chronic changes 
present: the periportal connective tissue and the bile ducts were much 
increased. The liver cells showed fatty degeneration. 

Multiple abscesses in cirrhotic liver. 

Thus there were parallel acute and chronic processes in both the 
pancreas and liver. The acute process consists in the inflammatory 
cyst formation of the pancreas and in the liver abscesses; the chronic 
process in the fibrosis of the pancreas and the cirrhosis of the liver. 

It seems probable that the sarcoma of the head of the pancreas 
was developed on a preexisting fibrosis. The fact that there was 
still much mature connective tissue remaining in the head of the 
pancreas points distinctly in this direction. 

Boyd, Constantini and Tscherpnina also report fibrosis of the 
pancreas in their cases. 

Summary. 1. A spindle cell sarcoma in the head of the pancreas 
has been described. ' 

2. The sarcoma was combined with a marked fibrosis of the body 
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and tail of the pancreas and with cirrhosis of the liver with multiple 
abscesses. 

3. The possibility of a causative relation between the fibrosis of 
the pancreas and the sarcoma has been stressed. 

4. A review of the definite spindle cell sarcomata in the literature 
is given. 
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CONGENITAL CYSTS OF THE LUNG.* 

By John P. Scott, M.D., 

ASSOCIATE IN PEDIATRICS, SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, 

AND 

Arthur D. Waltz, M.D., 

niRECTOR, PATHOLOGICAI. LABORATORY, CHILDREN’S HOSPITAL OF PHILADELPHIA, 

PHILADELPHIA, PA. 

(From the Medical SerA-ice of the Children’s Hospital of Philadelphia.) 

In 1925 Koontz* collected and examined lOS cases of congenital 
cysts of the lung, of which 43 were in children, and, as he notes, 

* Read before the Philadelphia Pediatric Societj% June 14, 1932. 
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none reported in American .articles.- Further perusal of the litera- 
ture adds a rather limited number of cases, some of which appear 
in American journals. In view of the paucity of articles upon this 
subject, and in view of the rapidly expansile nature of the lesions 
observed, the authors feel that the following case merits reporting. 

Case Abstract. C. W., aged 4 months, colored, was adrnitted to the 
Children’s Hospital of Philadelphia, November 9, 1931. His father was 
45 years old and was said to be well. His mother was 39 years old, said she 
was well, and had had no miscarriages, but had given birth to 11 children, 
of whom 10 were Ihdng. One boy had died at 1 year of pneumonia. There 
was no history of syphilis or tuberculosis in the family. 

The patient was born by a normal delivery at full term and weighed 
9 pounds. His newborn period was without symptom or difficulty. He 
was breast fed for 3 weeks and then fed upon a suitable and adequate cow’s 
milk formula, upon which he developed well. He was given orange juice 
and cod-liver oil m proper amounts. 

The child’s illness began 2 weeks before admission with coryza and 
cough. He did not seem very ill until 1 week had passed, when he devel- 
oped a high fever, cough and rapid, grunting respiration. His sleep was 
disturbed, but he took his formula Avell. He vomited a little with his 
cough, and had 6 to 8 green, Avatery stools a day. There were no convulsions. 

At the time of admission the physical examination showed the folloAving: 
A well developed child, breathing regularly but rapidly, restless, and vdth 
some retraction of the head. The skin was dehydrated. The fontanelle 
was small and full. No craniotabes Avas present. The left ear drum was 
red and full; there was some mucous secretion in the nares. The lips were 
dry and the tongue somewhat coated. No teeth were erupted. The tonsils 
were normal in size but Avere reddened, as was the postpharyngeal wall. 
The eyes were normal. There were no enlarged glands present. The 
chest was of normal girth and contour and shoAved slight beading of the 
ribs. There Avas dullness oA^er the left upper lobe with bronchial breathing 
and many crackling rales in the left axilla. The liver was palpable in the 
normal position for the age. The epiphyses were slightly enlarged. The 
reflexes were normal. 

A diagnosis of left upper lobar pneumonia was made. Immediate steps 
Avere taken to combat the dehydration and prostration. A transfusion of 
50 cc. of citrated blood was given, folloAved the next day by a hypodermoc- 
lysis of 150 cc. of saline. After seA^eral days, signs of consolidation Avere 
noted in the right upper lobe. A diagnosis of migratory pneumonia Avas 
made, and another transfusion of 35 cc. was given. After about 3 weeks 
the temperature descended rather gradually into a normal zone, where it 
stayed for 3 weeks more. During the first 3 weeks otitis media Avas present 
and both ears were opened upon a number of occasions. During the period 
of acute illness, the child at first gained weight; but later, due to anorexia 
•and vomiting, this gain Avas lost. After the temperature became normal, 
the child began to gain again. In spite of this normal temperature and 
gain of Aveight, there was no appreciable clinical improvement so far as 
lung findings Avere concerned. About 6 weeks after admission the tempera- 
ture began to rise again, but during this rise the child seemed to be making 
a gain of strength, and even gained some Aveight. HoAvever, after about 
2 Aveeks of feA'^er, attacks of Aveakness and cyanosis came on, and in one of 
these attacks, on January 18, 1932, the infant died. 

Laboralonj Findings. Urines were normal save for traces of albumin; 
the Wassermann and Kahn tests and blood culture were negatNe. hlantoux 
tests with ascending doses of old tuberculin AAvre all negatNe. The blood 



790 SCOTT, waltz; congenital cysts of the lungs 

at the time of admission showed a secondar}’- anemia, 39% hemoglobin, 

2.150.000 erjdhrocjdes, 12,500 leukoc}^, 91% of which were neutrophils. 
After treatment with transfusions and iron medication, in 1 month this 
rose to 70% hemoglobin and 3,920,000 erjdhrocjdes. This latter figure 
was not due to anhydremia. 

At first, our impression was that of a migratory tj’pe of lobar 
pneumonia with delay of resolution, due perhaps to the severity 
of the secondary anemia. A further thought was that the delay 
was due to an underlying tuberculous infection. The negative 
family history, the persistently negative tuberculin reaction, the 
absence of tubercle bacilli in the gastric contents, made it impossible 
to confirm this diagnosis, yet its possibility was not entirely excluded. 
Still later a diagnosis of abscess of the lung was considered, and this 
likewise could neither be confirmed nor rejected positivel3L 

Roentgenologic Findings. The findings made by Dr. E.. S. Bromer in 
a series of films, a number of which are reproduced here, maj”^ l^e sum- 
marized as follows; 

At the tune of admission, films showed a bilateral consolidation. It was 
suspected that the lesions were tuberculous and that fluid was present 
between the upper and lower lobes of the left lung. A week later (Fig. 1) 
the right upper lobe was much clearer and the appearances suggestive of 
cavity were gone. It was believed that these had been caused bj" an 
emphj'sematous bleb. The left upper lobe was denser than before, and a 
ringlike shadow had appeared below it. This was also believed to be due 
to an emplij'sematous bleb. Turn weeks after admission the left upper 
lobe was less dense, but two ringlike shadows were seen. 

live weeks after admission a film showed at the left base a large, round, 
ringlike shadow, also a number of smaller ones in the left upper lobe. 
Sis weeks after admission films showed a return of the densitj' in left upper 
lobe and showed the ringlike shadow still present. Seven weeks after admis- 
sion the large ring shadow was thought to resemble an abscess casdt}’ or 
possibly a pneumothorax. 

Eight weeks after admission multiple large, circular shadows were found 
in the left upper lobe; the ring shadow in left lower lobe had decreased in 
size. It was thought that because thej’- were so large that they could not 
be due to emphysematous blebs, but might be due to abscess ca^dties. 
It was argued, however, that if they were abscess ca\dties, thes'' should 
not almost disappear at times, and should not decrease in size. 

The last film was taken 4 days before death. It showed all the ca^dties 
previously mentioned, and one in the right upper lobe. The large ring- 
shaped shadow in the left lower lobe was shovm to displace the lower 
branch of the left bronchus, and for this reason pneumothorax was con- 
sidered the most likely cause. 

Necropsy (by Dr. Waltz, 2 hours after death). Gross Description. Left 
Lung. The upper lobe is deeplj’- grooved across the lower anterior portion, 
producing almost complete separation into a middle and upper lobe. 

The upper outer and posterior portion of the upper lobe is attached to 
the chest wall by firm, fibrous adhesions. On breaking these adhesions a 
large, thin-walled cavity was ruptured with an outward gush of air. This 
cavity occupies most of the upper lobe, is empty, and measures 4.5 by 

4.0 by 4 cm. The lining is smooth, but the wall is ribbed and grooved by 
what appears as an interlacing of dikted or thickened bronchi. The 
cavity shows direct connection to one of the larger bronchi. A probe 
being easily passed through the bronchus along one side of the cyst wall 



Fig. 1.— November 19, 1931. Increased density in left upper lobe with a small 
kidney-shaped rarefaction. A ring shadow in the upper lobe and a smaller ring 
shadow on the interlobar line (1.5 x 2 cm.). 



Pig. 2.— December 17, 1931. Shows lessening of Pig. 3.— January 9, 1932. Lower ring shadow muc‘. 

density in lungs, especially over the cyst in the left larger (3..5 x 4.5 cm.). Upper shadow larger and has' 
upper lobe; the lower ring shadow is much larger loculated appearance. Pneumonia cleared up. ; 

(2.5 x3.5 cm.). I 


Fig. 4. — January 14, 1932 (4 days before death) oblique. Shows further increase 
in size of interlobar ring shadow. The cavity in the upper lobe has increased enor- 
mously. Taken at the time dyspneic attacks began. 



Fig. 5. — Bronchi up, left lung to right; below, large cyst in interlobar space. Upper 
lobe cysts under white roughened area. Right lung to left. Incision into cyst in 
upper lobe, walls of which are separated by a stick. 









Lo«- power (100 X). 



Fig. S. — (High power 440 X.) Adenomatous or acinus-like spaces somewhat 
resembling rudimentary bronchi, with flattened atypical epithelium. The blood- 
vessels show thickened walls. The alveoli are partially collapsed and infiltrated wdth 
small round cells: the walls are thickened with fibrous connective tissue. 
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for 2 cm., before opening into the cyst. Pressure on the side wall from air 
within the C 3 '^st could easily produce a valve effect by compressing the 
bronchus during expiration. A small lower posterior tip of the lobe is 
consolidated. The upper anterior portion of the lobe shows several small 
cystlike cavities ranging from a few mm. to 1 cm. in diameter. These 
are smooth walled, some contain pus. Between these cysts the lung tissue 
is firm and fibrous.' 

The extra middle lobe is fairly crepitant throughout. There are no 
cysts demonstrable in this lobe. 

The lower lobe is deep red in color and boggy. There are no cysts found 
within the lobe. However, there is a large, thin walled cyst bulging oiit 
in the interlobar fissure between the lower and middle lobe. The cyst 
cavity is 4 by 4 by 4 cm. and contains only air. The lower portion of the 
wall is apparently part of the interlobar pleura of the lower lobe. The 
upper portion is part of the interlobar pleura of the middle lobe, the anterior 
and posterior walls are apparently a continuation of these pleural coverings, 
and are bluish and almost transparent. This cavity was thoroughly studied 
for a possible opening from a bronchus, but none could be demonstrated. 

Right Imng. The lung consists of the normal three lobes. There are 
firm, fibrous adhesions over a small area of the posterior part of the upper 
lobe; when these are freed a small air-containing cyst 1,5 cm. in diameter 
is elevated above the surface somewhat, but extends into the lung for the 
most part. Near this are two other slightly elevated areas which are about 
1 cm. in diameter which, on section, appear to be made up of small honey- 
comblike air-containing cysts. Below these is a larger cyst 3.5 by 3.5 by 
3 cm., situated in the lower part of the upper lobe posteriorly, so that the 
wall on the lower surface is the interlobar pleura of the upper lobe. The 
cyst is smootli walled, ljut filled with thick, creamy pus. 

The middle lobe is fairly crepitant throughout. The lower lobe is of a 
deep red color and boggy, apparently congested and edematous; no cysts 
are demonstrable in this lobe. 

All cysts containing pus or fluid were cultured and examined for tubercle 
bacilli and parasites. Cultures showed Group IV pneumococcus in all such 
cysts. In some cj^sts Bacillus coli was also present. No tubercle bacilli 
or parasites were found in any cyst. 

Microscopic Findings. The large interlobar cyst of the right lung is 
covered with a thin wall of fibrous connective tissue. On part of the wall 
no lining epithelium can be demonstrated; in other areas it is covered vdth 
a single layer of low epithelium Avith fairly large nuclei; in a few places 
these are arranged in layers of two or tliree cells. The nuclei are elliptical 
with the long axis parallel to the cyst Avail. These cells do not have the 
appearance of the usual columnar epithelium of the bronchi, differing in 
the absence of cilia, in form, and in the direction of their nuclei. They 
have more the appearance of a type of squamous epithelium. It suggests 
that they had been subjected to the stretching of the cyst Avail and to the 
long continued pressure from the cyst contents. Subjacent to the cyst 
wall the alveolar tissue is partially atelectatic. 

The largest cyst in the upper right lobe shows a lining similar to that 
just described. In the partially consolidated and partially atelectatic tissue 
subjacent to this cyst are found rather well developed bronchi surrounded 
by partially collapsed alveoli somewhat infiltrated with small round cells; 
the alveolar walls are markedly thickened with fibrous connective tissue. 
These areas show many small bloodvessels with thickened walls. Grouped 
about a bronchus are frequently found acinus-like spaces lined with some- 
what flattened ciliated columnar epithelium. 

This picture suggests a hyperplastic groAvth of bronchial tissue corre- 
sponding to that of Stoerk,2 which he considered a tumor of embiyonal 
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bronchial tissue. Couvelaire^ also described a cystadenomatous formation 
in his case. The cyst in the left upper lobe is filled with pus and is largely 
denuded of epithelium. Surrounding tliis cj'^st is a rather thick area of 
fairly firm, fibrous connective tissue sliovdng loops of new bloodvessel 
formation. 

Comments. According to Eloesser,^ congenital cj^sts may be 
di^’ided into two principal classes: 1, Large solitary cysts; 2, mul- 
tiple smaller cysts. The latter condition is usuallj’’ spoken of as 
congenital cystic disease; the cysts may be few and fairly large, or 
they may be small and too numerous to count. In the latter cir- 
cumstance, they receive the designation of “honeycomb lung.” 

Solitary cysts vary greatlj' in size. They may be large enough to 
occupj" the space usually occupied by a whole lobe of a lung. They 
may be of a size which can be concealed within the lung parenchjnna. 
Sometimes they ai-e mere outpouchings from the trachea, esophagus, 
or a bronchus. They have been known to be large enough to pass 
through the diapliragm into the abdominal cavity. 

Cystic disease, or honeycomb lung, is disposed in different ways 
in different cases. At times a whole lobe is diffusely involved. At 
times a whole lung is involved. At times only part of a lobe is 
affected. At times, as in this case, C 3 "sts may be found in widely 
separated parts of both lungs. 

The cysts maj'’ communicate directly with a bronchus, but in 
many cases this communication is not present and the cyst cavity 
is isolated. In some instances the cysts appear to be dilatations of 
a main bronchus, and branch bronchi or secondary cysts may be 
found opening into them. More frequently they seem to be dila- 
tations of small bronchioles, either communicating or non-communi- 
cating. At times a number of these closed sacculations appear to 
be strung upon a fibrous cord, like beads upon a tlwead. 

Cysts are usually lined with a single layer of ciliated columnar 
epithelium. The cyst walls are usuallj'’ smooth, usually free of 
ulceration and inflammatory deposits, indicating that they are not 
broken down abscess cavities. The lining wall, however, may 
become inflamed. They usually contain air, or fluid, or more often 
both together. The fluid is said to be veiy high in albumin content, 
and, in a number of cases, of a brownish color. It usually contains 
few cells, if inflammation is absent. Anspach and Wolman® suggest 
that the cysts originally are fluid filled and that later this fluid is 
extruded by coughing or other pressure, as happened in a case 
described by them. 

In cases where the ciliated epithelium is not present, we find a 
lining of one or more layers of cuboidal or even flattened epithelium. 
There may be no lining at all, the fibrous membraria propria forming 
the cyst wall. External to this are frequently found concentric 
fibers of smooth muscle, and at times pieces of cartilage. The 
amount of muscle fiber and cartilage is usuallj'- too great to suggest 
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that it is a mere expansion of. that normally present in a bronchus. 
It is more probably due to an actual hyperplasia. In some cases 
mucous glands are found in the cyst wall. In addition to inflamma- 
tion of the lining wall of the cyst, inflammation of the tissues imme- 
diately surrounding the cyst is frequently found. This is usually 
pneumonic in type. 

Clinical Considerations. Cases arrange themselves clinically into 
two main types. The first type has been termed infantile and is 
characterized by sudden attacks of dyspnea, cyanosis and collapse, 
in which death may occur. The other type is spoken of as the 
chronic form. In this form, bronchopneumonic areas are found in 
the cystic lung. In the case reported, both dyspneic attacks and 
bronchopneumonia were found. In many cases tuberculosis is 
suspected as in this one, but a certain confirmation of diagnosis 
cannot be made from Roentgen films, tuberculin tests and sputum 
examinations. 

Pneumonia is easily identified in the presence of cysts, but very 
frequently the cyst causes suspicion of cavity or abscess formation. 
Gibson,® by introducing lipiodol, was able in his case to demonstrate 
the cysts and a fluid level in them by changing the posture of the 
patient. In the usual Roentgen ray films the cysts appear in varying 
density as oval or circular areas of lessened density, often surrounded 
by a sharply defined margin, which may be interpreted as pneumo- 
thorax and be aspirated. Clairmont'^ calls attention to the fact 
that an interlobar line often may be seen crossing a cyst, but not a 
pneumothorax. Cysts, unless very large do not give any very 
definite physical signs, but the pneumonia which surrounds them 
indicates itself in the usual manner. 

Treatment of the cysts is not very satisfactory. Inasmuch as 
35 of Koontz’s collected cases lived 30 years or more, and 1 to the 
age of 84, it may be accepted that the condition is not always fatal 
at an early age. Operation has been attempted in a number of 
instances. Clairmont operated upon a boy of 10, removing a cystic 
middle lobe, but the patient died of postoperative shock. Sauer- 
bruch® resected cystic lobes in 4 adult cases diagnosed empyema, all 
of whom recovered. R. T. Miller® reports a patient of 5 weeks into 
whose cyst was inserted a one-way air valve; this patient lived 
comfortably for several months, but then suddenly died. From 
these observations it may be concluded that cystic disease is of 
graver import in early life and that operative procedures at this age 
are at the present time of considerable danger. 

Comment. The English authors have attributed the cysts to 
bronchopneumonia and atelectasis occurring after birth. The pro- 
gressive increase in the size of the cavities demonstrated roentgeno- 
graphically in this case indicates that changes were continuing during 
the period during which it was under observation. In several of 
the cavities direct communication with a bronchus could be demon- 
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strated. In the cavities in the left upper lobe this communication 
was found at necropsy, but could not be found after hardening in 
formalin. In the large cyst between the left loAver lobe and the 
anomalous left middle lobe formation no communication could be 
found at any time. In fact, this cyst was immersed beneath the 
surface of formalin for 1 year without the slightest deflation or loss 
of air content. It is to be presumed that its communication was by 
means of a very narrow channel, allowing the access but not the 
egress of air. deLange^® has postulated three methods of origin 
of these cysts; 

1. A fetal bronchial inflammation with valvelike stenosis of the 
bronchioles. This she believes to be almost invariably syphilitic. 

2. A hj'perplastic condition in which an excess of tissue occurs. . 
In some of the cases in this category there is found bronchial over- 
growth and cystadenomatous formation difficult to attribute to 
mere bronchial dilatation. 

3. A hjqioplastic condition in which the alveolar tissues have 
failed to dcA'^elop and in which bronchial enlargement has taken 
place in compensation therefor. 

We believe the cysts in our case are of congenital origin because 
of their smooth lining wall and because of the presence of a flattened 
atjTiical lining epithelium. The presence of an anomalous lobe 
lends support to this view. Furthermore, the, presence of certain 
acinus-like formations seen in one of the sections indicates an 
element of hj’perplasia of tissue, which we believe to be a defect in 
embryonal development. In addition to this factor, we believe 
that a mechanical factor, gradual inflation of the cyst has been 
operative since respiration began. 

Summary. A case of congenital cystic disease of the lung in an 
infant of 4 months is presented, with roentenographic studies and 
necropsy findings. Progressive enlargement of the cysts is visual- 
ized in serial films. Microscopic findings suggestive of abnormal 
embryonic development are described. 
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FACTORS AFFECTING THE APPEARANCE AND DURATION OF 

GLYCOSURIA.* 
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PROFESSOR OF BIOCHEMISTRY, 

R. C. Derwaux, M.D., 

ASSISTANT PROFESSOR IN CLINICAE MEDICINE, 

AND 

Barbara Hewell, M.D., 

ASSISTANT IN BESEAHCH IN BIOCHEjnSTHy, VANDERBILT UNIVERSITY SCHOOL 
OF MEDICINE, NASHVILLE, TENN. 


(From the Departments ol Medicine and Biochemistry.) 


The present work is an attempt to correlate the blood sugar level 
with the appearance and disappearance of glycosuria and to study 
the factors which control the excretion of sugar in the urine. An 
intravenous tolerance test was used in which an amount of glucose 
just sufficient to produce glycosuria was injected. In order to cor- 
relate accurately the blood sugar level with the time of appearance 
and disappearance of glycosuria, capillary blood specimens were 
collected at frequent intervals and simultaneously urine specimens 
were obtained by catheter which was kept in the bladder through-, 
out the experiment. Only women subjects have been studied 
because of the ease of catheterization. 

Procedure. Our procedure was as follows; After an all-night fast a 
catheter was placed in the bladder ivith sterile technique. A preliminary 
blood specimen was collected and the bladder emptied. Glucose in 50% 
solution was injected rapidly into the arm vein, usually during 30 to 60 
seconds. Urine samples were collected from the catheter at minute inter- 
vals for the first 15 minutes and later at somewhat longer intervals, while 
capillary blood samples were collected from the ear at 1- to 3-minute 
intervals for 6 minutes and then at 6-minute intervals until the end of the 
experiment. Qualitative tests for sugar in urine were run in every case 
to assure the continuance of the experiment until after the disappearance 
of glycosuria and in most cases, the sugar excretion was determined quan- 
titatively. Blood sugar analyses were done by the micromethod of Folin 
as modified by Folin and Malmros,® and the urine specimens were analyzed 
by Benedict's qualitative and quantitative methods.'^ 

Ten grams of glucose were given in most of the tests as it was found 
that this amount could be rehed upon to produce a glycosuria of moderate 
duration. The figure was arrived at from preliminary experiments, using 
doses varying between 3 and 8.8 gm., which frequently failed to produce 
glycosuria at all, and doses of 12 to 20 gm., which produced greater hyper- 
glycemia and prolonged glycosuria. 

The results of the analysis of blood and urine were plotted and the blood 
sugar values at which glycosuria appeared and disappeared were determined 

* This work was done with the assistance pi a grant from the Divlsipn of Medical 
Science of the Rockefeller Foundation, 
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by interpolation. For instance, in Patient “ST” the urine collected in 
the fourth minute after injection was positive for sugar. The correspond- 
ing point on the blood sugar curve was 14S mg. per 100 cc. The urine 
specimens continued to be positive for sugar for 25 minutes, while the 
specunens collected at 29 minutes and thereafter were negative. The 
blood sugar concentration at 29 minutes by interpolation from the curve 
was 101 mg. per 100 cc. 

Thirty series of observations were carried out on patients in the 
Vanderbilt University Hospital who had no known abnormality 
in carbohydrate metabolism or renal function. In each case a 
similar tj^^e of curve of blood sugar concentration was obtained. 
The first specimen, taken from 1 to 3 minutes after injection was 
completed, showed a maximum value from which the concentration 
rapidly fell. The blood sugar values found before injection were 
all in the normal range. Such variations as occurred within this 
range showed no relation to subsequent values and hence are 
omitted from the table. While it is true that urine is formed from 
plasma and our results were obtained with whole blood, the equilib- 
rium between cells and plasma is established with such rapidity 
tliat only in the first sample of blood taken after injection could 
this element of uncertainty be noticeable. To have carried out 
the analyses on plasma would have necessitated sacrifices in other 
more important factors in the experiments. 

Appearance Time of Glycosuria. When glucose is administered 
by mouth there appears to be a definite delay in its appearance in 
the urine which may amount to over one-half hour. This phe- 
nomenon after orally administered glucose has been called, perhaps 
inaccurately, the renal lag, and while noted by earlier observers 
was first emphasized by Faber and Hansen.^ During this interval 
preceding glycosuria the peak of the blood sugar values is usually 
passed and the hjq)erglycemia begins to wane. The reason for 
this is not known, but in the words of Faber and Hansen, “It seems 
to be an expression of the effort of the kidneys to avoid tlie excretion 
of sugar as far as possible.” 

VTien an adequate dose of glucose is administered intravenously 
it appears in the urine very quickly, partly perhaps because some 
of it is carried directly to the kidney without first going to the liver 
as does ingested glucose. In our series of 30 cases, glycosuria set 
in in 5 minutes or less in 14 cases. The renal lag was consequently 
very small and was partly accounted for by the time required to 
fill the ureters, bladder and catheter. Nevertheless, it seems tlaat 
even with intravenously administered sugar a definite interval of 
time over and above that necessary for simple excretion as deter- 
mined with non-threshold substances elapses between the presen- 
tation of a quantity of sugar to the kidney and its appearance in 
the urine. Furthermore, frequently this excretion does not start 
until the blood sugar values are decreasing. 
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Table 1. — Threshold Values and Renal Lag, 


Patient. 

Fluid, cc. 

1 

■ 

Glucose given, gra. 

Glucose excreted in 
urine, gm. 

Injection time, sec. 

Glycosuria. 

Urine. 

Blood sugar level (per 
100 cc. capillary blood) 

c: 

B 

to 

to 

p 

ci 

fe 

to 

Q. 

P. 

< 

Disappearance, 

min. 

Duration, min. 

to 

to 

3 

> 

Rate.* 

Peak, rag. 

Accuracy. 

Appearance, mg. 

Disappearance, 

mg. . 

St. . . 


10.0 

0.31 

28 

4 

29 

25 

56 

1.3 

150 


148 

101 

Car. 


10.0 

0.12 

22 

11 

25 

14 

183 

5.2 

162 

+ 

123 

102 

Wi. . . 


10.0 

0.09 

50 

5 

25 

20 

108 

2.7 

179 

— 

159 

110 

Pr.I . . 


10.0 

0.12 

54 

7 

>48 

>41 

25 

0.5 

169 

+ 

168 

loot 

Pr.II 

1000 

10.0 

0.15 

37 

4 

9 

5 

310 

10.3 

173 

— 

168 

152 

Du.t 


10.0 

0.09 

50 

5 

33 

28 

311 

5.1 

131 

— 

121 

82 

Ha.I. . 


5.0 

0.00 

20 




64 

1.7 

152 

— 



Ha.II . 


7.5 

0.01 

30 

8 

15 

7 

138 

2.8 

160 

+ 

138 

109 

Ha.III . 


10.0 

O.OG 

45 

5 

32 

27 

75 

1.6 

198 

— 

193 

139 

Jo. . . 


10.0 

0.10 

77 

4 

16 

12 

109 

2.6 

246 

+ 

204 

168 

Ba. . 


20.0 

1.36 

240 

< 4 

25 

>25 

226 

2.7 

494 

— 

494 

324 

Ham.I . 


3.0 

0.00 

30 




27 

0.7 

134 

— 



Ham.II . 


12.0 

0.13 

60 

5 

26 

21 

108 

1.4 

398 

+ 

330 

102 

Gr. . . 


10.0 

0.20 

60 

6 

21 

15 

152 

1.1 

304 

+ 

230 

182 

Br. . . 


12.0 

0.20 

60 

< 8 

25 

>15 

42 

0.8 

220 

+ 

204 

139 

Ral. 


10.0 

0.13 

42 

15 

51 

36 

103 

1.7 

196 

+ 

154 

125 

La.I 


10.0 

0.13 

35 

4 

29 

25 

57 

1.3 

177 

+ 

155 

120 

La.II . 

1000 

10.0 

0.15 

30 

4 

9 

5 

111 

4.6 

219 

+ 

170 

150 

La.III . 

1000 

10.0 

0.16 

34 

3 

12 

9 

74 

2.9 

194 

— 

181 

150 

Hi.I 


7.5 

0.00 

22 




71 

2.4 

147 




Hi.n . 

ad lib . 

10.0 

0 10 

45 

4 

1.3 

9 

102 

2.8 

176 


172 

154 

Hi.III . 

ad lib . 

8.8 

0.07 

40 

13 

17 

4 

15 

0.5 

200 

+ 

172 

158 

Hi.IV . 

ad lib . 

10.0 

0 15 

34 

6 

17 

11 

78 

2.4 

eo9 

+ 

188 

170 

Be. . . 


6.0 

0.00 

25 




21 

0.8 

138 

— 



Se. . . 

. . 

10.0 

0.00 

31 




89 

3 7 

172 

— 



Cu. . . 


10.0 


00 

4 

>48 

>44 

40 

0.8 

304 


294 


Can.I . 

.. 

8.0 


90 

32 

>44 

>12 

24 

0.5 

210 

+ 

139 


Can.II . 


12.0 


120 

<14 

>38 

>24 

32 

1.3 

290 

+ 

189 


Bo.I 

1000 

10.0 

0.00 

60 




402 

21.2 

252 

— 



Bo.II . 

• • 

10.0 

0.21 

40 

4 

29 

25 

75 

2.2 

252 

+ 

226 

159 


* Cc. per minute. 

t Blood sugar concentration at 48 minutes. 

t This patient was suffering from general paresis and a variety of other things so 
that any anomalies in the results must be discounted because of her extremely poor 
state of health. 


With our standard dose of 10 gm. of glucose the renal lag equalled 
or, exceeded 7 minutes in 3 experiments. The phenomenon is, 
however, influenced by constitutional and other factors. Thus 
occasional values much in excess of this are found even when 
smaller doses of glucose are used. As may be seen from Table 1, 
a lag of 32 minutes occurred in Patient “Can.” after a dose of only 
8 gm.^ This patient was interesting because when the dose was 
increased to 12 gm. the beginning of excretion was still delayed for 
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almost 14 minutes. Apparently this was a personal trait. In the 
case of another patient (Hi.III), a delay of 13 minutes may have 
been diie to an almost complete anuria. 

Previous investigators have called attention to the fact that 
glycosuria frequently does not set in until after the maximum blood 
sugar level has been passed.^-® Our experience agrees with this 
finding. While the peak was always passed in our experiments 
using the intravenous method, sugar did appear in the urine while 
the blood sugar values were rising in some (unreported) experiments 
in which sugar was given diabetics by mouth. An examination of 
the results of other observers as presented in the literature reveals 
a similar lack of uniformity. There appears to be no relationship 
between the attainment of the maximum hj'perglycemic level and 
the appearance of glycosuria. That glycosuria can play but little 
part in the reduction of the hj'perglycemia is evident from the 
figures in Table 1, showing the actual amount of sugar that escaped 
in the urine in several of our cases. The maximum amount recov- 
ered was 7 %. 

The Appearance Level of Glycosuria. The term tlxreshold is 
usually defined as the concentration of sugar in the blood at which 
glucose appears in the urine in quantities sufficient to respond to tlie 
usual tests. It should be clearly understood, however, that this 
definition refers to the minhmnn concentration at which sugar can 
be made to appear by the administration of carbohj’-drate. In 
experiments of our own and of others® glycosuria was made to appear 
in normal people at much higher levels. In fact, it seems to be 
possible to produce it at almost any level above the true threshold, 
by the injection into normal people of large enough doses of glucose 
and in diabetics by its oral administration. Thus in 1 of our 
patients 20 gm. of glucose gave an appearance level of 494 mg.% 
and this was probably submaximal. It is obviously not the true 
threshold. In another case a 12-gm. dose gave an appearance level 
of 189 mg.%, but 8 gm. of glucose resulted in glycosuria only at 
139 mg.%. 

For determining the true threshold, Faber’s scheme^ of using 
two doses of glucose, one of which just fails to produce glycosuria 
and another slightly larger dose which results in a brief excretion 
of sugar appears to be the more accurate one. Our values cannot ■ 
be considered as thresholds in the true meaning of the term. We 
were interested not in determining the true threshold, but in study- 
ing the factors which alter the blood sugar concentration at which 
glycosuria appears. 

Nevertheless, because of the size of the dose selected, the values 
with our standard dose fall in the range of threshold values found 
by previous observers, Peters and Van Slyke,® giving an approximate 
range of 140 to 200 mg. %. 

Judging from the slopes of the curves the actual maximum values 
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attained by the blood sugar were probably momentary, occurring 
during or immediately after injection, and only by chance could 
they have coincided with the taking of the samples of blood. There 
was some slight variation in the injection rate, and from_ 1 to 
5 minutes were required for obtaining the first blood specimen. 
The blood sugar maxima observed with 10 gm. of injected glucose 
varied considerably, ranging from 131 to 304 mg.%, and for the 
above reasons give no idea of the true maxima. Since the first 
blood sugar values were submaximal, it was not possible to calculate 
a value for the beginning of glycosuria if sugar was already present 
in the urine when the first blood sample was colleeted. Only when 
sugar appeared in the urine between two blood sugar values on the 
descending branch of the curve could its appearance in the urine 
be accurately correlated with the blood sugar level. Nine of our 
cases to which a dose of 10 gm. was given and 6 to which larger or 
smaller doses were administered showed this picture. Such samples 
are marked “ + ” in the column headed “Accuracy” in Table 1. 

The blood sugar concentration at the appearance of glycosuria 
in those patients receiving 10 gm. of glucose varied from 123 to 
230 mg. %, but in G of the 9 cases was between 154 and 204. 

The question of the constancy of the threshold in individuals 
has been thoroughly discussed in the papers of Faber and Hansen,^ 
Sakaguchi® and others. As the above authors have pointed out, 
much confusion has arisen from the crudeness of the methods used. 
Table 2 shows the results of duplicate determinations on each of 


Table 2. —Range of Variations op Duplicate Determinations on the 

Same Subject. 


Appearance time of glycosuria, min. . 

Blood sugar at appearance of glycosuria, % . 
Blood sugar at disappearance of glycosuria, % 

'Volume of urine, cc 

Duration of glycosuria, min 


I 11 


(La. II and III). 

(Hi.II and IV). 

(1) 

(2) ' 

(1) 

(2) ' 

4 

3 

4 

6 

170 

181 

172 

188 

150 

150 

154 

170 

111 

74 

102 

78 

5 

9 

9 

11 


2 patients. With our technique it is apparently possible to repro- 
duce the appearance of glycosuria within 10 to 15 mg.%.' This 
appears to represent the experimental error of the method. Hence, 
threshold values agreeing within this range can be considered coli- 
stant and they indicate that our method of procedure does give 
results reproducible within this range. 

In the cases where doses larger or smaller than 10 gm. were 
injected the appearance levels tended to become respectively higher 
or lower so that the higher the concentration of the sugar is raised 
in the blood the higher the value at which glycosuria will appear. 

The Disappearance Level of Glycosuria. Our disappearance levels 
were always lower than the appearance levels and covered a wider 
range. In 7 of 21 cases they were at or below 120 mg. %, i. e., 
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in the normal aglycosuric range. As others have pointed out/>® 
the disappearance level of glycosuria does not appear to be an 
accurate criterion of the ability of the kidney to hold sugar, although 
there .seems to be a certain correlation between the heights of the 
appearance and the disappearance levels. The correlation index is 
0.85 but, because of the small number of samples available, is of 
doubtful significance. Our impression is that with increased doses 
of glucose the whole glycosuric range is pushed up on the blood 
sugar scale. This means that the greater the hj'perglycemia pro- 
duced in a tolerance test, the higher the level at which glycosuria 
will begin and end. 

The Dmation of Glycosuria. In 2 of our 19 experiments using 
10 gm. of glucose there was no glycosuria; in S the duration was 
15 minutes or less; in 4 it was between 15 and 26 minutes; in 3, 
between 26 and 37 minutes; and in 2 others the glycosuria had not 
ceased at the end of over 40 minutes when the experiments termi- 
nated. The fact that in these last experiments very small amounts 
of urine were voided indicated that the duration of gljmosuria might 
depend in part upon the volume of urine produced or the speed with 
which it was put out. 

As a result of this observation, 1000 cc. of fluid were given by • 
mouth to 1 patient during the 2 hours preceding the test. Her 
urinary output upon the first occasion was 23 cc., but with the fluids 
it was raised to 310 cc. and the disappearance of glycosuria was 
reduced from more than 40 to 5 minutes. Another patient who 
received no fluids showed glycosuria for 25 minutes and a urine 
volume of 57 cc. In 2 subsequent experiments tliis period was 
reduced to 9 and 5 minutes with urine volumes of 74 and 111 cc. 
respectively by the administration of 1000 cc. of fluid. One patient 
who seemed to fall entirely out of line Amided only 15 cc. of urine, 
the smallest amount in the series, and showed glycosuria for only 
4 minutes. She had received only 8.8 gm. of glucose. She had 
been allowed fluids ad lib., but as the actual amount taken was not 
measured, no point can be made of the result. A statistical analysis 
of our cases shoAved an index of correlation between the Amlume of 
urine and the duration of glycosuria of 0.6542 ± 0.0863, a figure 
of uncertain significance with such a small number of cases. There 
was no demonstrable relationship betw^een the duration of glycosuria 
and the appearance time, perhaps because the latter Avns usually so 
short that the error in determining it obscured any variation that 
might haA^e occurred. 

One factor, not capable of peilect control, AA^as the completeness 
with which the bladder, kidney, pehns, etc., was emptied at each 
sample. This, if not done, could extend the disappearance time 
and hence the duration. Some of the u-regularities may be explained 
on this basis, although the greatest care possible AA*as used in attempt- 
ing to clear the bladder of urine at each collection. 
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Discussion. Our results from the intravenous injection of doses 
of glucose varying from 7.5 to 20 gm. may be summarized as follows; 
Usually 3 to 8 minutes were required for the appearance of glycosuria 
but not infrequently this period was lengthened, and in 1 case no 
sugar appeared in the urine until 32 minutes after injection. During 
this time the blood sugar values had passed the maximum and were 
diminishing. With the same dose, the appearance level was con- 
stant for an individual but varied with different people. With the 
same person it varied with the dose. The disappearance level was 
lower than the appearance level and while less constant, it did 
depend to some extent upon the latter value. The smaller the 
volume of urine voided, or the slower the rate, the longer did 
glycosuria persist. 

In the absence of definite knowledge of the mechanism involved, 
speculation is more or less futile, but it may be presumed that the 
tubular absorption of glucose may for a while be able to remove the 
increased quantity in the glomerular filtrate. After a period of 
variable duration the absorptive power weakens and glycosuria 
ensues. 

Hober has recently^ recalled a suggestion originally made in 
1899,® that glucose is absorbed by the formation of some inter- 
mediary compound in the tissues. Experimental evidence has 
recently been advanced,^ indicating that this is one of the 
hexosephosphates and that absorption both from the alimentary 
tract and through the kidney tubules is dependent on this process. 
It has been shown that phlorizin acts by interfering with the for- 
mation or decomposition of this compound with a resultant excre- 
tion of sugar.® It would seem that the glycosuria produced in 
our experiments may have been due to a failure in the same process 
though a failure of a different nature. 

In the glycosuria of phlorizin poisoning the tubular resorptive 
mechanism is so severely damaged that it either fails completely or 
if it functions at ail it does so only at a greatly reduced efficiency. 
With hyperglycemic glycosuria there are two possibilities: (1) The 
mechanism may be as active as usual but simply unable to trans- 
port more than a fraction of the increased burden of glucose pre- 
sented to it, leaving an excess to escape through the ureter, or 
(2) the capacity of the machine may be reduced by the exhaustion 
of one of its elements, e. g., the phosphate or one of the enzymes 
involved. The second case resembles that of phlorizin poisoning, 
though in the latter an enzyme is apparently inactivated and not 
merely depleted. 

If one makes the simplifying assumption that sugar passes 
through the glomerulus so rapidly that this process does not become 
a limiting factor in the subsequent events, the appearance of sugar 
in the urine, if the first condition holds, should take place as soon 
as theiblood sugar has reached a point where the sugar in the urine 
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exceeds the capacity of the tubular absorptive mechanism to remove 
it completely. Since tlie urine is promptly carried beyond tlie 
tubules, glycosuria should cease as soon as tlie blood sugar level has 
fallen to the point where all of the sugar can be removed. In otlier 
words, since intravenous injection of glucose causes an almost 
instantaneous rise in blood sugar, the appearance of glycosuria 
should be very prompt in all cases where the proper height of blood 
sugar is reached. The delays of 3 to 8 minutes which were com- 
monly found seem to be too long. There should be no noticeable 
difference in appearance time since the time required to reach the 
blood sugar peaks were identical witliin our ability to measure them. 

The disappearance levels should coincide with the appearance 
levels. And since the blood sugar Avas changing much more slowly 
when glycosuria disappeared, and hence these figures could be 
caught more accurately, they should be more constant than the 
appearance lvalues. The opposite ivas found. 

On the other hand, if some element in the system had to be used 
up this might require not only a measurably long period but also 
one which Avould-vary with the supply of the material present, the 
rapidity with which it could be restored and the rapidity witli which 
it was being exhausted, c. g,, from a continued high blood sugar. 
Also since in any case time would be required for its replacement, 
a lag in tlie disappearance lei^el of blood sugar would result. In 
other words the appearance of glycosuria should lag behind the 
injection and the disappearance lei'^el should be lower than the 
appearance level. It should be more variable but with some degree 
of dependence upon it. 

Finally, under the first condition the slower the floiv of urine, 
the more completely could the sugar be removed and the more 
rapidly would glj-cosuria disappear. A slow secretion could com- 
pensate for a high sugar concentration. On the other hand, if the 
renewal of tlie sugar-absorbing mechanism depended on tlie replace- 
ment of some constituent supplied by the urine, e. g., inorganic 
phosphate, the longer would glycosuria continue if the supplj"^ of 
urine were reduced. This is what does happen. 

If one accepts the suggested part of phosphorylation in glucose 
absorption, a new significance is given to the results of Wilder and 
Sansum,“ who found that glucose could be injected at the rate of 
0.85 gm. per kilo per hour without glycosuria. This may represent 
a maximum rate at which the phosphorylation mechanism can 
operate. In our cases of hj-perglycemic glycosuria this maximum 
rate was exceeded, some element in the phospliorA'lation mechanism, 
such as the store of phosphate or of enzyme in the tubular mem- 
branes, became exhausted, adequate resorption of glucose was 
prevented, and sugar appeared in the bladder urine. 

Conclusion. A study of the relationships between hyperglycemia 
and glycosuria after the intravenous injection of glucose indicates 
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that the excretion of sugar may be explained on the basis of the 
suggested participation of phosphorylation in the resorption of 
glucose from the glomerular filtrate. 
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VARIATIONS IN BLOOD PRESSURE IN RENAL TUBERCULOSIS. 

By Carl G. Morlock, M.D., 

FELLOW IN MEDICINE, THE MAYO FOUNDATION, 

AND 

Bayard T. Horton, M.D., 

DIVISION OF MEDICINE, THE MATO CLINIC, HOCHESTER, MINN. 


The opinion is generally expressed®-’ that patients who have an 
active tuberculous lesion usually exliibit an arterial tension lower 
than normal regardless of the situation of that lesion. For that 
reason we were interested to determine what the ranges of blood 
pressure would be among subjects who had renal tuberculosis, 
inasmuch as a study of an adequate series from this standpoint 
had not been reported in^ the literature. Ayman stated that 
arteriolar essential hypertension and active tuberculosis do not 
commonly occur together, but he offered no explanation for this. 
A recent analysis of the blood pressures of tuberculous patients 
encountered in dispensary practice was made by Bunta, who com- 
mented on his findings by sajdng that progressive lowering of the 
blood pressure paralleled tuberculous .activity. He felt that hypo- 
tension was not an absolute rule in tuberculosis, but that the trend 
of individual measurements of blood pressure toward normal spoke 
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well for the ultimate arrest of the disease, and that a progressive 
lowering of the blood pressure called for a guarded prognosis. 

It has been postulated® that action of the tuberculous toxin on the 
vasodilator center is the factor which results in an arterial tension 
lower than normal in tuberculous patients. Fishberg® stated that 
“ blood pressure is lower than normal in the vast majority of phthisi- 
cal patients, e%idently due to the toxic effects of the metabolic 
processes of the tubercle bacillus, because an injection of tuberculin 
is usually followed by a fall in blood pressure.” 


Table 1.— Systolic Blood Pressures of 229 Males With Renal 

Tuberculosis. 


Age, yrs. 


Systolic blood 
. pressure, 
nmi. mercury. 

10 

to 

14. 

15 

to 

19. 

20 

to 

24. 

1 f 

! 29. 

1 30 
to 

i 3^- 

35 

to 

39. 

40 

to 

44. 

45 

to 

49. 

! 

oO 

to 

54. 

! 55 

1 to 
59. 

60 

to 

64. 

65 

to 

69. 

Total. 

Per 

cent. 

90 to 99 





i 

1 


i 

1 

! 


[ 


1 

i 

0.4 

100 to 109 




3 

6 

2 

4 

6 

4 



1 

26 

11.4 

110 to 119 


3 

4 

11 

13 

8 

6 

5 

2 

3 

1 


55 

24.0 

120 to 129 

3 

5 

7 

6 

9 

11 

8 

4 

5 

1 



59 

25.7 

130 to 139 


2 

1 

4 

8 

7 

6 

7 

1 

2 



38 

16.0 

140 to 149 



3 


6 

7 

3 

1 

5 

3 

. . 


27 

11.8 

150 to 159 



2 

.. 

1 



1 

2 


2 


8 

3.5 

160 to 169 



1 



1 

1 

1 

2 

1 



7 

3.0 

170 to 179 




1 


1 


1 



1 


4 

1.7 

ISO to 189 



, . 


. . 

1 


1 


1 



3 

1.3 

190 to 199 















200 to 209 















210 to 219 








1 




. . . 

1 

1 

0.4 

Average . . 

124 

123 

130 

120 

121 

128 

124 

130 

129 

i 

136 j 

147 

102 j 

126.9 1 


Total 
patients . 

3 

10 ‘ 
1 
{ 

IS 

25 

42 

39 

1 

27 

28 

H 

11 

4 

‘i 

229 1 



We analyzed the systolic blood pressures in 346 unselected cases 
of renal tuberculosis in which patients were admitted to The Mayo 
Clinic between 1925 and 1934, inclusive (Tables 1 and 2), Neph- 
rectomy was carried out in each case and in each case the clinical 
diagnosis of renal tuberculosis was substantiated. Of the 346 
patients, 117 were females and 229 were males, their ages ranging 
from 11 to 68 years. The left kidney was involved in 167 cases, 
the right in 169 cases and in 10 cases both kidneys were involved. 
Acid-fast bacilli were isolated from the urine in 258 cases (74.5%). 
The renal lesion was active in every case, which was demonstrated 
at the time of nephrectomy, and there was almost complete destruc- 
tion of the involved kidney in most cases. Adequate renal func- 
tion was the rule, as was evidenced by the fact that of 245 cases in 
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wliicli the blood urea was estimated, in only 27 was the value more 
than 40 mg. per 100 cc. 


Table 2. — Systolic Blood Pressukes of 117 Females With Renal 

Tuberculosis. 



A systolic blood pressure of between 100 and 140 mm. of mercury 
was regarded as normal. Of the males, 77.7 % and of the females, 
74.4% had systolic blood pressures in this normal range. .The sys- 
tolic blood pressures of 21.8% of the males and of 21.4% of the 
female was 140 mm. of mercury or more; 0.4% of the males and 
4.3% of the females had a systolic pressure less than 100. In 
Figs. 1 and 2 the actual readings of systolic blood pressure for each 
of the 229 males and 117 females, respectively, are recorded. The 
mean value for each age group was superimposed in the form of 
a curve, and for purposes of ready comparison we have added a 
control curve, obtained by an analysis of the systolic blood pressures 
of 1668 normal males and 1202 normal females.* It is obvious 
that the average systolic blood pressures of males and females who 
have renal tuberculosis closely parallels the average readings for 
normal individuals, and when plotted as a graph form a gently 
upswinging curve, for the most part lying between the limits of 
120 and 130 mm. of mercury and reaching its peak in the upper 
age groups. 

In a consideration of the whole group, 265 patients (76.58%) had 
a systolic blood pressure reading between 100 and 139 mm. of 

* Unpublished work by Alvarez and Berkson of The Mayo Clinic. 



• • 






JL 

15 


J \ I I .1.1.1 I I I I 

^0 25 30 55 40 45 50 55 60 65 70 

A§e in years 


Fig. 1. — Systolic blood pressures of 229 males with renal tuberculosis. The con- 
tinuous line is the curve of the mean systolic blood pressures. The broken line is a 
control curve representing the mean systolic blood pressures of 1668 normal males. 



Fig. 2.— Systolic blood pressures of 117 females with renal tuberculosis. The 
continuous lino is the cur\-e of the mean systolic blood pressures. The broken lino 
is a curve representing the moan systolic blood pressures of 1202 normal females. 
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Eig. 3. — Percentage incidence of various levels of systolic blood pressure (in units of 
10 mm. of mercury) in the whole group of 346 patients who had renal tuberculosis. 



Fig. 4. — Percentage incidence of various levels of systolic blood .pressure (in units of 
10 mm. of mercury) in 229 males and 117 females who had renal tuberculosis. 
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mercury, inclusive; 6 (1.72%) had a reading less than 100; and 75 
(21.64%) had a reading of 140 or liigher. The lowest reading 
recorded was 86, the liighest 210. The mean value for the whole 
group, obtained by averaging the recorded values, was 126.1 
(Fig. 3). When a further consideration was made of males and 
females separately, there was found to be no essential sex variation 
(Fig. 4) ; 77.7 % of the males and 74.4% of the females had a systolic 
blood pressure ranging between 100 and 139 mm. of mercury. The 
mean systolic value for the males was 126.9 and for the females 
124.5. 

Summary. As a result of the analysis of the systolic blood 
pressures of 346 patients who had proved renal tuberculosis, we 
cannot concur in the opinion generally expressed, that an active 
tuberculous lesion, regardless of its situation, has an accompanjnng 
arterial tension lower than normal. In the series of cases analyzed 
it was found that the vast majority of patients (approximately 76%) 
had normal blood pressures, 22% had hypertension, that is, a sys- 
tolic pressure of 140 mm. of mercury or more, and approximately 
2% had hypotension, that is, a systolic blood pressure less than 
100 mm. of mercury. The number of patients in this series with 
hypertension or hj^iotension was not any greater than was found 
in a larger control series of normal individuals in the same age 
groups. 
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FACTORS CONDITIONING THE TRANSMISSION OF SYPHILIS 
BY BLOOD TRANSFUSION.* 

By Hugh J. Morgan, M.D., 

PnOFESSOR OF cniNICAL MEDICINE, THE VANDERBII/T tJNIVBRSITV SCHOOD OP 
MEDICINE, KASHVinnE, TENNESSEE. 

(From the Department of Medicine.) 

It is a well established fact that the virus of sjiihilis may be 
transmitted bj’^ blood transfusion. A recent incident in my own 

*tRead before the Association of American Physicians, Atlantic City, N. J , 
May 7, 1935. 
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experience has emphasized the necessity of clarifying our knowledge 
concerning this therapeutic accident. A colleague is involved in 
litigation as the result of having given a transfusion with blood from 
a donor who later was found to have syphilis. The recipient sub- 
sequently was also found to have sj^philis and a malpractice suit 
was instituted on the grounds that the disease had been acquired 
through the medium of the blood transfusion. In this instance 
the importance of being able to say what is and what is not “trans- 
fusion syphilis” is obvious. While a good deal has been written on 
the subject, most of the papers in the literature consist of case 
reports. In the present study an effort was made to analyze the 
data and to relate the information thus obtained to our knowledge 
of the human and experimental disease. It was done with the 
hope that the knowledge thus acquired would make it possible to 
define clearly the clinical features of “transfusion syphilis” and to 
state the circumstances under which it may develop. 

Material. In 1915 Fordyce first recorded the transmission of 
syphilis by blood transfusion. Bernheim in 1917 gave an undetailed 
account of its occurrence once in his experience.^ In recent years 
cases have been reported with increasing frequency. These have 
been reviewed and tabulated and an additional case from the Van- 
derbilt University Hospital added (Table 1.) Several reports in the 
literature were not considered to have been founded on conclusive 
evidence, or were too incomplete to allow for analysis, and were 
therefore not included. 

In all there were, found to be 16 indubitable cases of s.yphilis 
acquired through blood transfusion. In every instance the disease 
made itself apparent by the development in the transfusion recipient 
of generalized lesions (skin, mucous membranes). In all instances 
in which the incubation period could be determined, it was found 
to be between 4 and 14 weeks. Every case of “transfusion syphilis” 
apparently developed the picture of the generalized, secondary 
stage of the disease and this within from 1 to months after the 
transfusion. The literature contains no instance of latent or active 
chronic syphilis which was acquired through blood transfusion 
without having passed through a readilj^ recognizable acute stage. 
It would seem that the introduction of the virus directly into the 
blood stream .invariably results in acute manifestations of the 
generalized infection. 

An analysis of the table as regards the donors is enlightening. 
The status of syphilitic infection in the donors could be determined in 
11 of the 16 reports analyzed. Of these 11 donors 9 had either 
primary or secondary syphilis at the time of the transfusion. ’ 
Another donor gave blood 4 days before the appearance of the 
chancre. Thus 10 of the 11 donors had acute syphilis. In 1 instance 
(Spillman and Morell) the blood donor was presumably infected 
by the recipient’s blood through an interchange of cannulte. The 
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recipient, a woman, subsequently died of postpartum hemorrhage. 
She had had 3 miscarriages and her husband was known to have 
syphilis. With the single exception, then, of syphilis related to 
pregnancy all of the donors whose syphilitic status could be deter- 
mined had early, acute syphilis. Not a single instance of indubitable 
“transfusion syphilis” has been reported in which the disease was 
induced by blood from a donor with well established latent or chronic 
syphilis uninfluenced by pregnancy. 


Table 1 . — Data in 16 Cases of Transfusion Svphilis. 


Author. 

Type of sj-philis 
present in donor 
("acute" indicates 
j primary or second- 
[ ary stage). 

i 

Incubation | 
period in j 
recipient. 1 

i 

1 Clinical manifesta- 
1 tioiK of syphilis 

1 in recipient. 

i 

Reference. 

1, Fordyce, J. A. 

Acute syphilis j 

Not stated j 

Generalized eruption 

Am. j. Med. Set., 149, 78f,I915 

2. Brcm, W. V. 

1 Acute sjThilis ! 

j ! 

Not given ^ 

Generalized eruption, 
presumably. ■ De- 
scribed as "viru- 
lent" syphilis 

J. Am. Med. Assn. (Discussion) 
81, 535, 1923 

3. Spillman, J., and 
Morcll, 

1 

Generalized crup- ; 
tion developed 1 
month after 
transfusion 1 

One montli 

1 

Chronic syphilis;* 
pregnancy 

Bull. Soc. franc, do dermat. 
ct dc syph., 33, 453, 1926 

4. licvj’. L L, and] 
Ginsberg, L. 1 

Acuta syphilis 1 

2 to 3 months j 

1 Generalized eruption 

Am.J.Syph.,11,447,1927 

5. Feldman, V. j 

6. Constantinescou, ! 

Acute syphilis (re- : 
current second- 
ary) j 

Within 3 mosJ 

1 

, Generalized eruption 

i 

1 

Arch. Dermat. and Syph., 18, 
3S0, 1928 

E., and Yata- 
manu, N. 

Acute syphilis ! 

2J months 

' Generalized eruption 

1 

Ann, d. mal. ven., 24, 161, 1929 

7. Aubertin, C.,and 
Fleury, J. 

Undetermined ! 

9 weeks i 

1 Generalized eruption 

Bull, ct. mem. Soc. mdd. d.h6p. 
de Paris, 54. 69, 1930 

S. Gougerot, Fics- 
singer, Bruno 
and Dally 1 

Acute syphilis 

3 months 1 

1 Generalized eruption 

Ann. d. mal, ven., 26, 174, 1931 

9. Polayes, S. H., 
and Lcderer, j 
M. 

10. Pinard, M„ and! 
Robert, P. 

Undetermined 

35 mos. (ap- 
pro.vimatc) j 

■ Generalized eruption 

Ani. J. SjTh,, 15, 72, 1931 

Not determined; 
probably acute 
(laryngitis) j 

10 ■weeks j 

i 

^ Generalized eruption 

Bull. ct. mem. Soc. m6d. d. h6p. 
de Paris, 48, 214, 1932 

11. Post, C. D., and 
Coonej-, G. C. 

Acute syphilis, in- ■ 
cubatioD stage; ' 
developed chan- 
cre 4 daj’S after 
giving transfu- 
sion 

3 months 

, Generalized eruption 

1 with meningeal signs 
1 

1 

1 j 

J. Am. Med. Assn., 100, 258, 
1933 

12. WillianKon, G. RJ 
and Strong, 
R. A. i 

Not determined 

6 weeks ^ 

1 

Generalized eruption 

1 

Am. J. Syph., 17, 484, 1933 

13. Moore, J.E. 

Acute syphilis 
(chancre) 

4 to 6 weeks | 

1 

1 Secondary syphilis 

1 The Modern Treatment of 
Syphilis, Chas. C Thomas 
Baltimore, p. 456, 

14. Moore, J. E. ; 

j Acute syphilis 

1 (chancre) 

[ Not stated 

4 to 6 weeks ’ 

Secondary syphilis 

15. ^^oore, J. E. 

1 

5 weeks | 

Secondarj' syphilis 

Cited by Moore, J. E. 

10. Author's case 

Acute syphilis 

5 to 8 weeks 1 

Secondary syphilis 


• In this case the transfusion donor received some of the recipient's blood, presumably through an exchange 
of cannuli, and developed acute syphilis 1 month later. 


Discussion, The relation of these clinical observations to other 
facts pertaining to both the exiierimental and human disease is 
enlightening. Since the virus of syphilis must be present in the 
blood of the donor if transfusion is to result in the establishment 
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of syphilitic infection in the recipient it would seem fitting' to review 
first what is known concerning this point. 

In the experimental disease in rabbits it has been shown thht 
the virus of syphilis is present in the blood during the acute or active 
phase of the infection. With the disappearance of active lesions 
the blood loses its capacity to infect.* During latency, or inactive 
infection, the reservoir for Treponema pallidum is chiefly lymphoid 
tissue and not blood. This has been repeatedly demonstrated. 
That this is also true in the human disease was shown by Eberson 
and Engman* in 1921. Blood from 73 individuals with latent or 
clrronic visceral syphilis was shown to be non-infectious when in- 
jected into rabbits’ testicles. In a review of the literature these 
authors stated that the blood in chronic human sj^philis had never 
been shown to be infectious for rabbits save in 1 case reported 
by Ulilenhuth and Mulzer.'* This patient was a woman who had 
been delivered of a syphilitic fetus 18 days before the specimen of 
blood was obtained for examination. Moore® summarizes the 
matter as follows; “With the spontaneous healing of lesions it is 
probable that treponemes disappear from the blood to gain entry 
again, if at all, only in small and irregular showers during the period 
in which relapsing infectious lesions are prone to occur. After 
latency is firmly established the virus cannot be demonstrated by 
animal inoculation and it is probable that except in one special' 
circumstance organisms are actually absent. The special circum- 
stance is pregnancy their presence in the mother’s blood 

at some stage of pregnancy must be assumed.”* 

There is considerable evidence that not only will blood from in- 
dividuals with chronic syphilis fail to induce the disease in rabbits 
but that it will also fail to transmit the disease to humans. Tzanck 
and Werth® record the case of a donor with seronegative latent 
syphilis who gave 18 transfusions without having once transmitted 
the disease to the recipients. This donor subsequently developed 
active neurosyphilis. It has been said that in Germany blood from 
cases of general paresis with vialaria inoculate is frequentlj^ used 
in order to induce malaria in non-syphilitic patients.'^ There are 
no recorded instances of syphilis thus induced. McNamara® delib- 
erately transfused 10 non-syphilitic patients with blood from 6 
cases of chronic sj^philis. In not a single instance was syphilis 
induced in the recipients, although 4 of the 10 received transfusions 
from 2 syphilitic donors and 1 recipient was transfused from 3 
syphilitic donors. 

While it is admittedly possible that syphilis may be induced by 
blood transfusion without the appearance of skin or mucous mem- 
brane lesions in the recipient— that is, without any clinical mapifes- 
tations of the acute state of the disease— our methods at the present 

* This assumption unquestionably holds in the cases reported by Uhlenhuth and 
Mulzer, and Spillman and Morell, loc. cit. 
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time render impossible the discovery of such cases. It is possible 
that the direct introduction of the virus in the blood stream, thus 
depriving the recipient of any possible beneficial (immimizing) 
effects of skin or mucous membrane inoculation, lymphatic infec- 
tion and chancre formation, insures the development of an invari- 
ably active tj^pe of acute skin and mucous membrane sj’philis. 
The observation of Brovm and Pearce® that excision of the chancre 
in acute syphilis in the rabbit may result in a greater incidence of 
generalized lesions may have some bearing on this point, in spite 
of the fact that it was subsequently shown by Chesney^® that this 
does not always hold true. In this connection it is also noteworthy 
that the intravenous injection of virus in experimental sjqihilis 
leads to the development of malignant bone lesions. These lesions 
are far greater in extent and severity than the bone lesions develop- 
ing in the course of an experimental infection in rabbits engendered 
by intratesticular or intradermal inoculation.^^ 

Summary. From the literatme 15 cases of sjqihilis induced by 
blood transfusion have been collected and to these an additional 
case has been added. 

An analysis of this material reveals that in every instance the 
disease made itself apparent in the recipient by the development of 
the generalized skin or mucous membrane lesions of acute syphilis. 
We have encountered in the literature no instance in which syphilis 
was acquired by blood transfusion without the development of 
these acute, secondary lesions. 

The incubation period between the time of transfusion and the 
first appearance of secondary lesions has varied in the reported 
cases from 4 to 14 weeks. 

The stage of syphilitic infection present in the donors could be 
determined in 11 of the 17 case reports. One donor was in the incu- 
bation stage of acute syphilis and gave blood 4 days before the 
appearance of the chancre; 9 had either primary or secondary 
syphilis at the time blood was drawn for transfusion. In the remain- 
ing instance the donor was infected by an interchange of cannulse 
while giving blood in a case of postpartum hemorrhage in a syphilitic 
woman. Xot a single instance of incontestable “transfusion 
syphilis” has been reported in which the disease was transmitted 
by blood from a donor with latent or chronic sjqihilis uninfluenced 
by pregnancy. In repeated instances donors with chronic sjqihilis 
have failed to transmit the disease. 

The above observations have been shovm to be consistent with 
our knowledge of the pathogenesis of the experimental and human 
disease. 

Conclusion. 1. The transmission of syphilis by blood transfusion 
in the reported cases in the literature has been manifested in the 
recipient by the development of the acute secondary stage of the 
disease within from 1 to .3| months after the transfusion. Our 



BRAMSj GOLDEN: EARLY RESPONSE TO yENESECTION 813 


present knowledge does not allow of a diagnosis of “transfusion 
syphilis” in the absence of such developments in the recipient. 

2. Syphilis is obviously transmissible by blood transfusion when, 
and only when, the virus is present in the donor’s, blood. Spiro- 
chetemia is known to occur only during the early stages of the infec- 
tion before the development of latency, or during pregnancy in the 
chronic disease. Our present knowledge does not allow of a diag- 
nosis of “transfusion i syphilis” in the absence of these stages of 
syphilitic infection in the donor. 
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THE EARLY RESPONSE TO VENESECTION WITH OBSERVA- 
TIONS ON SO-CALLED BLOODLESS VENESECTION. 

By William A. Brams, M.D., 

AND 

J. S. Golden, M.D., 

CHICAGO, ILL. 

(From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, the Cardiovascular Department, Michael Reese Hospital, 
and Medical Department, Cook County Hospital.) 

Venous pressure is recognized as often elevated in cardiac failure, 
particularly in the congestive tjqie (Frey,^ Gaertner,^“ Hooker and 
Eyster,i3 Clark,^ Eyster and Middleton,® Villaret, Saint Girons and 
Besan^on,^® Pogany,^^ and others). This has led a number of 
observers to suggest that venous hypertension be considered an early 
sign of impending or of existing cardiac failure, and that in such 
instances venesection might be of great value by reducing the 
excessive venous load with which the failing heart must contend 
(Eyster'*). 

, The fact has apparently been overlooked that venous pressure 
and “venous load” are not necessarily the same, nor are they parallel 

VOL. ISO, NO. 6.— JUNE, 193,5 28 



S14 BR.UIS, GOLDEA^- EARLY RESPONSE TQ I’-ENESECTION 

in all instances. Cases of severe cardiac failure are on record in 
which venous pressure was not elevated (Villaret, Saint Girons and 
Besan^on/^ Pogany/^ Arnoldi,^ Fuchs,® Harris^Oj lesions of the 
tricuspid valve without heart failure are said to be associated with 
venous hypertension (Pogany^^). Failures encountered after vene- 
section may be due (1) to the fact that eventuallj'^ the myocardium 
is no longer capable of favorable response, or (2) the possibility 
that the venous hypertension is essential for effective cardiac func- 
tion. Even in the experimental animal it has been shown that 
improvement does not always follow venesection when the heart 
is overdistended (Brams and Katz®). 

Our experiments were planned to study the earlj’^ effects of clinical 
venesection on pulse rate, venous pressure, and on systolic and 
diastolic arterial pressures in patients Avith varying degrees of 
cardiac failure. An attempt was made also to study the same 
features after so-called “bloodless venesection” in the same patients, 
in order to compare the value of this procedure with ordinary blood- 
letting. It was also our purpose to determine the speed of inherent 
readjustment to venesection, in order to observe how soon and to 
what degree the effects of this procedure become nullified. These 
experiments for the study of venous pressure necessitated the 
employment of an accurate method which could be used for con- 
tinuous observation over a prolonged period of time. This was 
accomplished by the use of the principle advocated by Moritz and 
v. Tabora, employing sodium citrate solution with frequent flushings 
of the tubing and needle. The apparatus was kept in faultless 
working condition for over 2 hours, without discomfort to the 
patient and without loss of accuracy in the readings. 

A series of 15 patients was studied. Congestive cardiac failure 
was severe in 12 of these and moderate in the remaining 3. The 
clinical diagnoses AA^ere hypertensive heart disease, recent coronary 
occlusion, syphilitic aortitis, coronary sclerosis, and cor pulmonale. 
All patients were definitely dyspneic and showed varying engorge- 
ment of the cervical veins. Eleven showed definite venous hyper- 
tension during the control period, the loAA^est reading in this group 
being 14 cm. of water. Three had normal venous pressure and 
1 shoAA'ed a venous pressure of 1.9 cm. of water. We regarded the 
last as an instance of A'^enous hypotension, having adopted a level 
between 5 and 10 cm. of AA’^ater as the normal. Si’^stolic and diastolic 
blood pressures by the usual auscultatory method, and the venous 
pressures and heart rates were determined under the basal condi- 
tions described by Eyster,^ mz., absolute bed rest for not less than 
an hour. The arm was abducted from the body in order to aAmid 
the possibility of compression of the Amins and resulting interference 
AA'ith the Amnous flow from the extremity. The needle and tubing 
Avere kept patent by using sterile sodium citrate solution and by 
frequent flushings of the system, Pateney of the needle was tested 
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before and after each venous pressure reading. Observations of 
arterial and venous pressures and pulse rates were made at 5-minute 
intervals during a control period of 30 minutes, and at similar 
intervals for 1 hour after venesection was completed. Similar obser- 
vations were made in patients subjected to "bloodless venesection” 
before and after the tourniquets were applied. Venesection was 
performed by inserting a large hollow needle in the cubital vein of 
the arm, the quantity of blood thus removed varying from 300 to 
800 cc. "Bloodless venesection” was performed by applying tourni- 
quets on each thigh and on one arm close to the trunk, sufficient 
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Fig. 1. — Illustrating effects of venesection on pulse rate, systolic and diastolic 
arterial pressure and venous pressure in Case 6, hypertensive myocardial disease 
with failure. "Bloodless venesection,” shown by arrows, produced practically no 
change. Removal of 600 cc. blood, between arrows, resulted in an immediate drop 
in venous pressure with a slight tendency to return toward the control level later. 
This was associated with a practically unaltered rate, and systolic and diastolic 
arterial pressure levels. 

compression being used to obstruct the veins without interrupting 
the arterial supply to the parts, as shown by persistence of the 
palpable pulse beyond the site of obstruction. 

Ordinary blood-letting caused no appreciable change in pulse rate 
in any instance of this series. Similar negative results were observed 
after so-called “bloodless venesection” was performed. 

In only 4 instances did systolic blood pressure fall appreciably 
immediately after blood-letting was completed, the fall in these 
patients varying from 19 to 26 mm. of mercury. In 3 of these 
systolic pressure returned approximately to the control level within 
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an hour after venesection. In 4 instances diastolic pressure also 
fell appreciably immediately after venesection, the drop A^arying 
from 15 to 22 mm. of mercury, but here too there was a return in 
2 instances to the previous level within an hour. Control systolic 
pressure Avas above 160 mm. of mercury in 7 instances, 8 of Avhich 
showed readings above 200 mm. In these 7 cases of arterial hyper- 
tension there was onlj’’ 1 in which venesection was folloAved by an 
appreciable immediate fall in systolic pressure, namely from 238 mm. 
to 212 mm. There was practically no change in the remainder of 
these patients. ‘^Bloodless venesection”, failed to induce any signi- 
ficant change in systolic pressure. Control diastolic pressure was 
above 100 mm. mercury in 6 instances, and in only 1 of these did 
venesection cause a fall of diastolic pressure. Only minor changes 
occurred in the remainder. In other Avords, the amount of blood 
remoA'-ed, up to 800 cc., had no apparent consistent effect on either 
the systolic or diastolic arterial pressure except in the feAV instances 
prcA’iously noted. It AA’as also apparent that no definite relation 
existed betAveen the degree of change in blood pressure and the 
degree of change of A'-enous pressure under the conditions of these 
experiments. 

Table 1.— Changes in A^^enous Pressure After A'^enesection. 

Control 


E-xperiment 

venous 
pressure 
(cm. citrate 

Quantity 
of blood 
removed 

Immediate drop 

Drop below control 
level 1 hour after 
venesection 

No. 

sol.). 

(cc.). 

(cm. citrate sol.) . 

(cm. citrate sol.). 

1 . 

. 23.7 

'800 

12.0(50.6%) 

6.9(29.1%) 

2 . 

. 23.0 

800 

9.7(42.2%) 

9.3(40.4%) 

3 . 

. 19.0 

800 

8.7(45.8%) 

13.0(68.4%) 

4 . 

. 18.3 

800 

7.3(39.9%) 

2.3(12.0%) 

5 

7.3 

650 

2.0(27.4%) 

1.8(24.7%) 

6 

. 15.5 

600 

7.5(48.4%) 

6.5(41.9%) 

7 . 

4.7 

600 

2.2(46.8%) 

1.5(31.9%) 

8 . 

. 18.5 

600 

9.0(48.6%) 

7.0(37.8%) 

9 

. 6.0 

600 

2.5(41.7%) 

1.5(25.0%) 

10 . 

. 16.3 

400 

6.2 (38.0%) 

2.0(12.3%) 

11 

1.9 

400 

1.4(73.7%) 

1.5(78.9%) 

12 . 

. 22.0 

300 

3.0(13.0%) 

10.0(45.4%) 

13 . 

. 14.0 

300 

9.0(64.3%) 

2.0(14.3%) 


It toII be noted that although the drop in venous pressure was greatest whore the 
greatest quantity of blood was removed, it so happened that the pressure level 
returned nearer to normal in all but one of those cases where 600 cc. or less had 
been removed. 


The remoA'al of blood AA'as folloAA'ed by more consistent changes in 
A’-enous pressure. Table 1 represents the changes observed imme- 
diately after completion of A’^enesection and at a period 1 hour later. 
It will be obserA'-ed that a fall in A’-enous pressure occurred in every 
instance and that the control Ica'cI AA'as not reached again during 
the following hour, although a partial return aa'bs noted in S instances. 
The greatest initial drop occurred in those patients who had A’-enous 
hjTpertension before A’^enesection, the quantity of blood removed 
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playing a comparatively lesser role. The maximum fall occurred 
immediately after completion of venesection in all but 2 instances, 
and in 8 instances the venous pressure began to rise within a few 
minutes. No relation could be determined between the degree of 
fall in venous pressure and the height of control arterial pressure. 
There Avas no real effect after “bloodless venesection,” venous pre- 
sure showing little change for a period of 30 minutes following 
application of the tourniquets. At most a slight fall or rise occurred, 
the maximum change in either direction not exceeding 2 cm. of water. 

Comment. The results of these experiments indicate that the 
theoretical value of so-called 'Tiloodless venesection” has no' basis 
in fact, these findings being in accord with the observations of 
Fuchs.® No important modifications in arterial or venous pressure 
or pulse rate were observed in our own experiments. In some 
instances it was noted that the discomfort induced by the tourni- 
quets resulted in a moderate rise in venous pressure which was not 
followed by a fall. Ordinary venesection in the same patient always 
produced some fall in venous pressure, even when the smaller 
quantities of blood were removed. These observations suggest 
that so-called bloodless venesection, as performed in these experi- 
ments, is of little value in reducing venous pressure or in modifying 
the pulse rate or arterial pressure in cardiac failure. We could 
obstruct only 3 limbs because it was necessary to use one arm for 
estimation of venous pressure, but it is doubtful if the results would 
have been different had all four extremities been obstructed. 

The absence of change in pulse rate, even when as much as 800 cc. 
of blood was removed, suggests the probability that adjustments to 
the loss of such quantities of blood are easily attained. We believe 
that the beneficial effects of venesection are due in only a small 
part to change in pulse rate. 

The changes in blood pressure observed in these experiments were 
neither uniform nor striking. There were only a few instances in 
which blood pressure fell after venesection, even when as much as 
800 cc. of blood was removed. The same was true where arterial 
or venous pressures were excessively high before venesection. The 
prompt return within an hour toward the control level of both 
systolic and diastolic pressures, in all but 2 instances, again demon- 
strates the futility of venesection as a reliable method of permanently 
reducing arterial blood pressure. This is probably due to the many 
adjustments available to keep the arterial pressure constant, which 
would operate to modify the effects of venesection. The fact that 
arterial pressure varied only slightly in patients who showed definite 
and consistent changes in venous pressure after venesection, reem- 
phasizes the independence of control of arterial and venous 
circulation. 

Changes in venous pressure after venesection were more consistent 
and more marked. A fall occurred promptly in every instance 
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regardless of the quantity removed, but this fall ^Yas generally more 
marked after removal of larger quantities of blood. The drop was 
most marked where venous hypertension existed before venesection, 
but even here, as in the majority of the experiments, a partial return 
toward the previous level occurred within a few minutes. This 
observation agrees with that of Eyster and Middleton,®-^ who also 
found that the drop in venous pressure was more sustained and 
more marked in cases of venous hypertension. Our results also 
show the comparative sluggishness of compensatory adjustment in 
the venous system. The majority of the patients stated. that they 
felt improved after venesection, but such results must be interpreted 
with caution, as it is probable that genuine improvement depends 
on more than mere reduction in venous pressure. For example, 
Hitzenberger^- found that venesection was followed by increased 
oxygen and decreased carbon dioxid content of the arterial blood, 
nor is it known how the blood reservoirs and other regulatory 
adjustments react after clinical venesection and we are not certain 
whether the “load” which the heart must pump is actually reduced 
after such adjustments take place. We do not wish to minimize 
the value of venesection in selected cases, but it is apparent that 
much study will be required to evaluate other faetors such as 
circulating blood volume and minute volume output of the heart 
in order to determine the beneficial effects of blood letting. 

REsmiE. 1. So-called “bloodless venesection” failed to reduce 
venous pressure or to modify pulse rate or arterial pressure in 
patients with cardiac failure. These results are in contrast to the 
changes observed in the same patients after blood letting. 

2. The effects of ordinary venesection were studied in patients 
with cardiac failure. Observations were made every 5 minutes for 
a period of 1 hour after venesection was completed. 

3. It was exceptional for either the systolic or diastolic arterial 
pressure to show an appreciable fall after venesection or during^ 
the period of observation. The same results were observed in 
patients with arterial hj^pertension as in those with normal pressure. 

4. The pulse rate remained unchanged in all experiments. 

5. Venous pressure fell consistently after blood letting, the maxi- 
mum drop occurring immediately after completion of venesection. 
The fall began early in the -course of venesection, becoming apparent 
after removal of the first 100 cc. of blood and continuing to drop 
as more blood was withdrawn. A partial return toward the control 
level within a few minutes was observed in the majority of instances, 
but the level of venous pressure after an hour was usually lower 
than the control level. 

6. The fall in venous pressure Avas especially marked where 
venous hj'pertension existed and the actual drop also depended 
greatly on the quantity of blood removed. The greatest drop usu- 
ally occurred where from 600 to 800 cc. of blood Avere removed in 
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cases of venous h;^’pertension, though it so happened that a level 
that was nearer to normal was reached in the cases with a smaller 
blood removal. 

7. The practical significance of the fall in venous pressure after 
venesection, in relation to cardiac failure, is briefiy discussed. 
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Pain is the most frequent symptom that leads a patient to 
consult a physician. Pain was the initial complaint in 90 of 100 
consecutive cases of thrombo-angiitis obliterans. This study was 
undertaken in an endeavor to ascertain, classify, and describe the 
types of pain and the frequency of their occurrence in these cases 
of thrombo-angiitis obliterans, and to suggest, when possible, the 
mechanism by which such pain is produced. 

In any study such as this it is well to emphasize that there are 
marked individual differences in the ability of the patient to feel 
pain, and that the threshold of sensitivity varies in the same person 
at different times. This has been emphasized by Libman. 

A brief review of the innervation of bloodvessels seems pertinent to this 
discussion. The vessels of the extremities, according to WooUard, are 
supplied by vasomotor nerves in two ways, proximally from a continuation 
of the sympathetic plexuses about the aorta, and distally by branches 
from adjacent, mixed nerve trunks. In both instances the fibers are non- 
medullated, sympathetic postganglionic fibers. Peripherally, bloodvessels 
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receive a second type of innervation, namely, medullated or sensory fibers 
from proximal nuxed nerves. These end in the adventitia and in surround- 
ing tissue. The vessels in more distal parts of the extremities receive more 
branches from adjacent .nerves than those situated proximally. On the basis 
of these facts it should follow that trauma to smaller vessels is more likely 
to cause pain than trauma to larger vessels. Two different pathways for 
the afferent conduction of such pain, one to nearby sensory roots, and the 
other up the sympathetic chain of ganglions, is the theory held by Foerster. 
The exact anatomic pathways are not known. Probably they are com- 
ponents of the thoracic spinal roots; to what extent they traverse the sym- 
pathetic trunks has not been determined. Odermatt found that sensory 
nerve endings are most abundant in the adventitia of the vessels, or on the 
surface of the media muscularis. 

Types of Pain in Occlusive Vascular Disease. Pain in occlusive 
vascular disease may be the result of one or more of three factors: 
(1) that arising from the bloodvessels themselves, (2) that attribut- 
able to ischemia of tissue, including nerves, and (3) that attributable 
to infection. 

Pain Arising from the Bloodvessels. This type of pain may be 
caused by spasm, stretching, or inflammation. Arterial pain is a 
characteristically constant, burning, gnawing pain, tending to 
spread out without reference to nerves. Barium chlorid, injected 
into arteries, causes a spasm of the smooth muscle, resulting in 
severe pain (Frdhlich and Meyer). We have observed prolonged 
spasm of the brachial artery, following perivascular neurectomy, 
which initiated a dull aching pain of the forearm and hand. There 
was no profound spasm of the smaller vessels, as shown by the color 
of the hand. Severe pain is rarely observed in the ischemic attacks 
in Raynaud’s disease; the usual sensation is a dull, numb feeling. 
In operations under local anesthesia it has been noted that clamping 
or pulling an artery may give rise to pain. B'azett and McGlone 
demonstrated that simple arterial puncture caused a dull, aching, 
sickening pain which was diffuse in character, and was often referred 
to regions distal to the site of puncture. We have observed that 
puncture of smaller arteries is accompanied by more intense pain 
than puncture of larger arteries. Waterston reported similar 
observations. Odermatt was of the opinion that pain from injec- 
tion of an irritating solution into an artery was produced in the 
finer arterial branches where the solution could penetrate the wall 
of the vessel and come in contact with sensory nerve endings. The 
endothelium of the vessel seemed to be insensitive to pain. He also 
demonstrated that pain may be elicited by distention of arteries, 
regardless of their caliber. The injection of solutions of sodium 
iodid into the femoral artery causes so much pain that general 
anesthesia may be required. Moore and Moore concluded that this 
pain was not the result of stretching of the vessel or contraction of 
its wall, but was produced in the finer arterial branches. 

Pain Attributable id Ischemia- of Tiss^l€s. Such pain is probably 
the result of ischemia of nerves. Ischemic neuritis is a misnomer, 
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as the lesion is one of degeneration from lack of adequate blood 
supply rather than of inflammation. Infiltration of nerve sheaths 
by an inflammatory process is a mild and late affair. In contracting 
muscle in which there is an inadequate supply of arterial blood, 
incompletely metabolized substances are believed to act as irritants 
to nerves, producing the characteristic symptom of claudication. 

Injection as a Cause of Pain. Pain resulting from infection does , 
not need elaboration here. It is important to realize that infection 
in tissue incompletely supplied with oxygen takes on different char- 
acteristics than in tissues with a normal supply of blood; local heat 
is absent and intensity of pain is heightened. 

In view of these observations it is not surprising that pain should 
be an outstanding and early symptom of thrombo-angiitis obliterans, 
since the pathologic processes involve occlusion of major and minor 
arteries and veins, inflammation of vessels, skin, and muscle, 
ischemia of nerves, muscle, and skin, secondary, infectious, trophic 
changes in the skin, and vasospastic disturbances. 


Intermittent 
claudication 

Uker and gangrene 
Phlcbitie 
Pretrophic 
Ischemic neuritis 
Acute occlusion 
Arteritis 
Unclassified 

0 25 50 75 100 

Percentage incidence of types of pain in thrombo-angiitis obliterans 

Fig. 1 



Pain Induced by Exercise and ‘‘Rest” Pain. In this series of 100 
consecutive cases of thrombo-angiitis obliterans two major groupings 
of pain were noted; (1) pain brought on by exercise, such as that 
of intermittent claudication and phlebitis, and (2) pain occurring 
during rest. Rest pain was further classified as pretrophic and 
trophic, the latter resulting from ulcers or gangrene; inflammatory, 
such as from arteritis or phlebitis; that due to acute occlusion with 
massive ischemia; that of ischemic neuritis; vasospastic, and un- 
classified. The incidence of these various types of pain is given in 

Fig. 1. 

Intermittent Claudication. Pain Related to Exercise. Intermit- 
tent-claudication occurred in 98 of the 100 cases, marking the onset 
of symptoms of the disease in 75 (Table 1). The most frequent 
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sites of pain were the arcli of the foot and the calf of the leg; it may 
occur, however, in any of the muscles of the extremity, in the toes, 
thigh, forearm, hand, or fingers. The pain which is induced by 
exercise is initiated with a feeling of dull aching fatigue, or sense 
of constriction in the affected muscles. If exercise is continued, a 
severe cramping pain develops wliich necessitates cessation of 
activity. Sensations of coldness and numbness may accompany 
the pain, or, in some cases, a sensation of burning. One patient 
described claudication as a feeling of tightness wliich persisted and 
increased in severit 5 '- for a few seconds after he stopped walking, 
and then seemed to “ffow away.” The amount of exercise sufficient 
to produce claudication varies from walking a few 3 '’ards to a mile or 
more, but in a given case it is remarkably constant. Repetition 
of a standard exercise test (120 steps per minute) in a group of 
patients revealed a variation in time of less than 10 %. Nervousness, 
emotion, weather, and fatigue modify the time of onset of claudica- 
tion in some subjects. In 4 cases the severity of claudication was 
increased by cold weather, in 1 by hot weather. The pain is relieved 
hj a rest of from a few seconds to 10 minutes. After a period of 
rest the original exercise can usually be repeated. Fast walking 
will bring on claudication at a shorter distance than will slow walk- 
ing. Walking uphill initiates the pain of claudication more rapidly 
than walking on level ground. As the occlusive process progresses 
proximally, claudication may progress from arch to calf to thigh, 
with a gradually diminishing walking distance. The progression 
of the disease may be \'i\'idly demonstrated by the decreasing toler- 
ance to exercise. 


Table 1. — Intermittent Claudication in 98 Cases of Thrombo- 
angiitis Obliterans. 


! 

Site ot pain, j 

! 

Right j 

I , 

1 

: 

, 

Bilateral. | 

J 

r 

Time of onset. 

1 

Cases. 

j 

Status of 
claudication. 

Cases. { 

1 

Arch and foot i 

! 

4 

1 

1 5 

15 

1 

First symptom of disease 1 

75 

1 

j Progressive 

! 

38 

Calf . . . 

5 

1 6 

1 

! 29 

1 

Less than 1 year after on- 
set 

i 

10 

Stationars' 

IS 

Arch, and calf 

1 ^ 

1 s 



6 ' 

Improi-ing 

1 

Thigh 

1 5 

j 1 

i ^ 

! 

3 to 5 years after onset 

! 3 

1 

j Progressive, then 
improving 

7 

Palm and fore- 
arm 

1 2 

! 1 

i 

, 0 ! 
! ! 

More than 5 years after 
onset 

* ^ 

j Unknown 

21 


The pain of claudication apparently is the result of some chemical 
substance formed during muscular contraction when the blood 
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supply is deficient. Roth has shown that the lactic acid of the veins 
of the affected extremity increases sharply after exercise in cases of 
occlusive disease of the arteries; an exact pai'allelism of the concen- 
tration of lactic acid with the intensity of the pain, however, is not 
demonstrated. The relationship of level of closure of arteries to 
the situation of the pain of claudication is important. It may be 
stated as a general rule that claudication in the muscles of the calf 
indicates occlusion of the popliteal arteries; if pain is limited to the 
feet, the dorsalis pedis and posterior tibial arteries are occluded. 
. In 72 cases in which claudication in the museles of the calf occurred, 
the popliteal vessels were graded 0 in 53, redueed in 10 (indicating 
pulsations palpable in collateral arteries), and graded 4 (normal) 
in 9. The probable explanation of claudication in these 9 cases 
is that the popliteal arteries were occluded at their bifurcation, 
although thej'’ pulsated normally in the region palpated. Con- 
versely, a few patients with occluded popliteal arteries do not have 
claudication in the muscles of the calf. This could readily be 
explained on the basis of an exceptionally well-developed collateral 
circulation. In cases in which there is pain of claudication in the 
thigh, the femoral or iliac arteries are occluded. 

The other type of pain that is induced by exercise occurs in certain 
cases of phlebitis, and it will be discussed in connection with that 
subject. 


Table 2.'- 

■Rest Pain in 

Pro- 

Thrombo-angiitis Obliterans. 

Gan- Arteri- Acute 


Time of onset of pnin. 

trophic. 

Ulcer. 

grene. 

Phlebitis. 

tis. 

occlu- 

sion. 

Ischemic 

neuritis. 

At onset of disease 

3 

2 

0 

15 

4 

3 


Within Srst year . 

1 

7 

4 

14 

1 

1 

2 

1 to 3 years later . 

5 

14 

8 

7 

1 

2 

6 

3 to 5 years later . 

3 

9 

3 

4 


1 

1 

More than 5 years later 

1 

6 

6 

4 


, , 

2 

More than 10 years later 

1 

5 

3 

2 

2 

2 

1 


Severity of pain; 
Grade 1 (mild) , 
Grade 2 . . . 

Grade 3 . . . 

Grade 4 (severe) 
Tenderness only . 



2 

1 

1 


4 2 
2 

5 4 
3 


Pain Occurring with Rest, Pretrophic Pain. Fourteen patients 
complained of rest pain which we have designated “pretrophic.” 
This term is used because ulcers or gangrene frequently developed 
at the site of pain from a week to 6 months after its onset. Six 
cases are included under this heading in which trophic lesions failed 
to develop; we feel justified in thus classifying them, as the pain 
was of the same eharacter, and often accompanied lesions on neigh- 
boring digits. This type of pain is well localized in the digits or in 
adjacent regions; it is described as a burning, gnawing type of pain, 
usually continuous and worse at night, or as an aching sensation 



824 


GOLt)S^rITH, brown: 


, I 

associated ^wth local tenderness. In 2 cases it was intermittent in 
character. Four patients -obtained relief on keeping the affected 
parts in a dependent position and 1 from wallcing; in 1 case exercise 
increased the discomfort. The time of onset of the pain in relation 
to the beginning of the disease and its severity are given in Table 2. 
The microscopic picture of the skin in these cases reveals a marked 
increase in fibrous tissue in the deeper layers (Figs. 2 and 3). This 
tissue contracts about the terminal nerve fibers causing irritation 
and, ischemia, and is probably responsible for the pain. Another 
possible cause of pain is a small infarct, with inflammation of low 
grade eventuating in necrosis. 

Pain of Ulcers and Gangrene. Ulcers or gangrene of one or more 
digits, with pain, developed in 50% of the cases studied. There were 
17 patients who had both gangrene and ulcers, 26 with ulcers alone, 
and 7 with gangrene vdthout ulceration. Ulcers were multiple in 
25 cases, single in 18. A solitary area of gangrene was noted in 13 
cases, multiple areas of gangrene in 11. The onset of pain with these 
trophic lesions was gradual, the severity increasing as the ulcers 
or gangrene progressed. The pain was described as burning, sting- 
ing, or tingling and was localized in the region of the lesion. It was 
usually continuous; in a few cases, however, it was paroxysmal. 
Some patients used the adjectives, “deep,” “grinding,” “drmng,” 
and “aching” to describe it. Projection of the pain was rarely 
observed. Marked hj^jeresthesia about the lesion was frequent. 
In 24 cases the pain was more severe at night, and in 18 relief on 
dependency was an important feature. These patients often slept 
sitting in a chair, or with the foot hanging over the side of the bed. 
External heat, by means of a baker, often aggravates the pain. 
Gangrene occasionally develops without any pain. This occurred 
in 1 case in this series. 

Tropliic pain was relatively rare in the first year of tln-ombo- 
angiitis obliterans (Table 2), and not infrequently occurred 5 and 
10 years after the probable onset of the disease. It was often severe, 
the intensity being graded 3 or 4. The chronicity of pain resulting 
from ulcer is worthy of emphasis; it often lasts for months. The 
primary cause of this t5q)e of pain is probably secondary infection or 
localized edema. Slow healing is characteristic, owing to the 
ischemic state of the tissues. It is difficult to explain why depend- 
ency should give relief from pain. We have noted that the tempera- 
ture of the skin is not consistently or significantly raised while the 
extremity is in this position. Elevated venous pressure, creating 
stasis of blood in the extremity, possibly is a factor. 

Nocturnal exacerbation is characteristic of many types of dis- 
tress. In explaining this one must consider that there are no external 
factors to divert the attention of the patient from his pain, and it 
thus occupies a central position in Ins mind. Possibly also the 
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lowering of metabolic processes and of systemic blood pressure play 
a part in increasing ischemia. 

Pain of Inflammatory Lesions of the Bloodvessels. Localized 
inflammatory lesions, namely, plilebitis and arteritis, occurred in 
46 and 7% of the cases, respectively. In 18 cases there was but one 
attack of plilebitis; in 11 cases two attacks, and in 16 phlebitis 
occurred on a number of occasions, at times being almost continuous. 
Plilebitis was superficial in 44 eases, deep in 2, and both superficial 
and deep in 2 others. It was the first symptom of the disease in 
15 cases, and often occurred early in its course (Table 2). When 
plilebitis occurs in the feet, pain on standing or walking is induced. 
Pressure on and movement of inflamed tissues cause the pain, which 
does not simulate the distress of claudication resulting from a given 
amount of exercise. 

Case Report. A man, aged 29, of Dutch ancestry, was first seen at the 
Clinic February 4, 1929 . Six months previously, red tender nodules had 
developed along the course of the veins of the right calf. There was asso- 
ciated muscular soreness and stiffness. Phlebitis migrated from one region, 
to another in the right leg and foot for a period of 6 months. About the 
same time the patient noted soreness in the right instep, induced by walking 
a few blocks, which was relieved by rest. At the time of examination the 
right dorsalis pedis and posterior tibial arteries were occluded, whereas 
those of the left foot evidenced reduced pulsations, graded 2 to 3. 

The patient was seen again in 1933, having had another bout of plilebitis 
in both legs and arms in Octolier, 1930, with local, burning discomfort. 
There had been similar recurrences at yearly intervals. When the lesions 
were in the feet, pain was a prominent feature. Arterial occlusion had been 
progressive in both legs, closing both popliteal arteries. There was claudica- 
tion involving the muscles of the calf, with sharp reduction in the amount 
of walking the patient could do. ^ 

These episodes of phlebitis, flaring up at yearly intervals, revealed the 
relapsing natm'e of the disease. Tlirombosis of the arteries seemed to 
parallel the plilebitis. The pain of phlebitis was disagreeable and annoying, 
but there were no residual sjmiptoms when the condition was quiescent, 
as compared to the arterial closure that left a progressive impairment of 
walking. 

The pain resulting from an inflammatory lesion of the vein is 
generally minimal. In 15 cases there w^as only tenderness along the 
course of the vein. Pain of grade 4 did not occur, and that of grade 3 
. occurred in only 3 cases. In cases of plilebitis, when pain was an 
important feature it was of a dull, aching or burning t;yq)e, fairly 
wmll localized, and was at times associated with muscular soreness, 
stiffness, and twitching. F our patients had exacerbations of the pain 
with exercise, 1 of them suffering a sharp, stabbing pain that was 
projected peripherally wdth activity of the involved part that 
suggested periadventitial neuritis. 

■ The pain of arteritis wms only slightly more severe than that of 
phlebitis. It marked the onset of thrombo-angiitis obliterans in 4 
cases. A tender, nodular swelling, progressing along the course of 
the artery, which became enlarged and pulseless, was the primary 
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feature. There was a generalized aching pain with coldness periph- 
eral to the involved arterial segment. The radial, ulnar, and brachial 
arteries Avere the arteries invohmd in all but 1 case, in Avhich painful 
arteritis of the lower femoral and popliteal arteries Avas present. 
One patient complained of cramping of the forearm and hand lasting 
a week; another complained of a constant, frozen, gnawing sensation, 
AA'hich was relieved by exercise. In 1 case of radial arteritis there 
AA^as a burning, spasmodic, agonizing pain, referred to the thumb 
and index finger. In this case the adjacent peripheral nerve may 
haA’^e been invoh’^ed in the inflammatory process. With the abundant 
nerA^'e supply in the adventitia, it is not difficult to explain pain 
resulting from arterial inflammation. The surprising feature is that 
the pain of arteritis is so mild and is present so infrequently, as arter- 
itis is probably present in all cases of thrombo-angiitis obliterans, 
although it produced sjTuptoms in not more than 7% of our cases. 
The intensity and situation of the inflammatory process probably 
determines the presence or absence of pain. Clinical observation 
indicates that phlebitis of the large veins is usually less painful than 
plilebitis of superficial vessels, with involvement of superficial 
tissues. The relatiA''e infrequency of pain in the more deeply situated 
arteries may be explained on a similar basis. 

Acute Occlusion. The pain of acute occlusion of a large arteiy is 
of sudden onset, AAdth tenderness at the site of occlusion and general- 
ized pain AA^hich is projected peripherally. There is often severe, 
cramping pain in the muscles. The extremity is cold, numb, cyanotic 
and at times swollen. The pain is usually of short duration, lasting 
from a few hours to several days, AA'ith gradual diminution in inten- 
sity. MoA’^ement and pressure may increase the pain, and there is 
often nocturnal exacerbation. The muscles are tender and the skin 
hjqjeresthetic and intermittently cyanotic, a A’^asospastic expression 
of an acute ischemic neuritis. The pain is the result of ischemia of 
mixed nerA^es and severe vasospasm. In only the most seA'^ere cases 
are there objective neurologic signs of neuritis. The short duration 
of the pain may be explained by the rapid increase of collateral circu- 
lation. This has been followed by studies of temperature. If throm- 
bosis is not progressive, almost complete recovery of the surface 
temperature of the digits may occur in from 2 to 3 days. Residual 
hjq)eresthesia, numbness, tingling, and mild paroxysms of pain may 
be present for weeks. 

Case Report. A man, aged 49, was seen at the Clinic in July, 1933. In 
September, 1931, he had suddenly experienced a moderately severe pain in 
the left foot and m the muscles of the calf of that leg. The left first toe and 
ball of the foot had been numb, and the entire lower portion of the left leg 
cold and cj^anotic. The pain had lasted only a feAV days. Shortly after, 
this, a superficial plilebitis had appeared about the right external malleolus. 
Since 1931 the patient had had pain in both calves after Avalking from one 
to three blocks; the pain had occurred sooner after fast Avalkhig or after 
walking uphill. Examination at the time of admission rcA’^ealed absence of 
pulsations in both popliteal and distal arteries. 
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The first symptom of tlirombo-angiitis obliterans in this case 
was sudden occlusion of the left popliteal artery. From then on the 
episodes of .phlebitis and distress of claudication indicated the 
nature of the process. Sudden occlusion initiates the onset of 
tlnombo-angiitis obliterans in about 10 % of cases. 

Ischemic Neuritis. Ischemic neuritis occurs relatively late in 
the course of thrombo-angiitis obliterans, only 3 eases having been 
observed in the first 18 months of the disease. Among 12% of the 
patients in this series this lesion developed; in 2 cases both lower 
extremities were involved. The neuritis was severe in 7 cases, 
mild in 5. The pain, in cases in which involvement was extensive, 
is severe, diffuse, covers large areas, and is spasmodic. It does not 
correspond to any definite distribution of nerves. There are sharp, 
shooting pains which extend from one end of the extremity to 
the other. The pains at times are pulling, tearing, and agonizing; 
at other times they are burning and tlrrobbing. In addition to these 
paroxysms, there may be a constant, dull, diffuse pain which shifts 
from one region to another. During paroxysms the extremity may 
appear a mottled dark bluish-red owing to excessive vasoconstric- 
tion which is a result of the inclusion of sympathetic fibers in the 
neuritic lesion. With cessation of the severe pain, the color may 
become more nearly normal. The paroxysms of excruciating pain 
occur most often at night, and may last for several hours. Large 
doses of morphin and hyoscin, hypodermically, and alcohol by 
mouth, either singly or combined, may fail to give relief for more 
than a short time. Elevation of the extremity gave partial relief 
in 2 cases. Fever therapy had little effect. Rarely, pain has been 
so severe, constant, and intractable that amputation or chordotomy 
has been necessary. 

Severe forms of ischemic neuritis ran a prolonged course (from 1 
to 8 months) in this group of cases. The pain gradually diminished 
in severity and the area of distribution became less in extent. 

Mild cases of ischemic neuritis are similar to those just described, 
although a smaller portion of the extremity is involved and the 
pain may follow a definite nerve distribution. One case of posterior 
tibial neuritis and 1 of superficial peroneal neuritis were present in 
this group. 

The bloodvessels of the affected extremity are usually extensively 
involved. Of 11 cases of neuritis of the lower extremity, femoral 
pulsations were absent in 7, and reduced in 1. In the 3 patients 
\ with open femoral arteries the neuritis was confined to the lower 
part of the leg and foot. 

Complete neurologie examination of the involved extremity was 
carried out in 6 cases: reflexes were reduced in 3 and normal in 3. 
There w^ere sensory changes of marked degree in 1-case, slight 
changes in 3, and no changes at all in 2. The most frequent sensory 
change was marked hyperesthesia; the seeond, partial anesthesia 
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of the affected limb. Numbness and coldness, tingling, and other 
forms of paresthesia, with varying degrees of pain -svere the usual 
sjmiptoms. 

Sympathetic ganglionectomy had little influence on the occur- 
rence of ischemic neuritis. Three patients had undergone this opera- 
tion from I'to 3 months before neuritis developed. One patient 
had neuritis in one leg before, in the other after, sympathectomy. 
The operation caused exacerbation of an existing neuritis in l ease 
and partial relief of pain in another. 

The pain of ischemic neuritis we believe to be the result of degen- 
erative changes in nerves brought about by a lack of blood supply 
to those nerves rather than the result of actual inflammation from 
contiguity of diseased A^essels. Woltman and Wilder, in a study of 
neuritis in diabetes, concluded that atherosclerosis of the nutrient 
vessel to a nerve played a prominent part in the production of the 
neuritis. Pain, paresthesia, and areflexia, without the usual sensi- 
tiAuty of nerA’’e trunks, were the most important characteristics in 
their group of cases. The same features were predominant in the 
cases described here. Priestley, in 1932, demonstrated that peripheral 
nerves of extremities amputated for diabetic gangrene gave eAudence 
of wallerian degeneration and fibrosis, the changes being more 
prominent distally and lieing proportional to the arteriosclerotic 
changes in the vessels. He suggested that the peripheral origin of 
the degeneration made it probable that it was dependent on ischemia. 
BroAvn, Allen and Mahorner found eAddences of inflammation in 
nerA’’e ti-unks in seA'eral cases of thrombo-angiitis obliterans. This 
Avas not the usual change in cases of ischemic neuritis. 

Figures 4 and 5, from a case of thrombo-angiitis obliterans with 
adA'^anced ischemic neuritis , r cA'^eal many neiwe bundles Avith a marked 
loss of myelin and eAudences of degeneration, whereas there is 
almost no eAudence of inflammation or of fibrosis about the nei’A'e. 
As in the reports just referred to, ischemia in this case seems to be 
the important factor in the production of the neuritis. 

The paroxysmal character of the pain in this condition may be 
partly explained on the basis of A'ascular spasm that causes additional 
ischemia, since during the paroxA'sms the extremity is often more 
cold, cyanotic, and mottled than at other times. Exact parallelism 
of pain and changes in temperature could not be demonstrated in 
1 case. 

Case Report. A man, aged 48, American, had had his first sjTuptoms 
of arterial disease in 1930 when arteritis of the right brachial artery had 
dcA^eloped, causing cramping pains in the right forearm and hand. A nodule 
could be palpated in the brachial artery. FolloA\dng tins he had noted 
cramping and coldness of the hand Avith exercise. In 1931, intermittent 
claudication of the left arch and calf had developed after he had Avalked one 
block. In October, 1932, he had had acute occlusion of the right femoral 
arterj", in Hunter s canal. AAuth seA'ere pain throughout the entire right leg; 
this pain had lasted several days and had prevented sleep. A few weeks 



Fig. 2. — Normal skin of a digit (X 30). 
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after this acute occlusion, severe rest pain had appeared in the upper part 
of the right leg and in the calf and foot. The pain had occurred most often 
at night, and had lasted 1 or more hours. Tlie pain had been exceedingly 
severe, of grade 4, and had required morphin in large doses for relief. 
In addition to these paroxysms a constant mild pain had been present in 
the entire extremity, with numbness of the toes, and weakness of the muscles 
of the leg. _ _ 

On examination there was hyperesthesia of the skin, diminished sensation 
to pinprick, and light touch, and tenderness of the leg below the knee. 
The Achilles and patellar reflexes were absent in this leg. All of the arteries 
of the right arm, left leg, and right leg below the midthigh were completely 
occluded. The right leg was amputated in November, 1932, because of 
spreading gangrene. 

In December, 1932, the patient had superficial phlebitis of the inner 
aspect of the left thigh; this spread below the knees. The left foot and left 
leg were swollen, suggesting that a deep phlebitis also was present. In the 
same month he noted severe burning, throbbing, spasmodic pain in the left 
leg, associated with a purple and white motthng of the left foot. The spasms 
lasted about an hour -and were relieved somewhat by alcohol. The muscles 
of the foot were weak and the sltin hypersensitive. In January, the patient 
had some cramp-like shooting pains in the left leg and foot, without vaso- 
spastic disorder. After about 9 weeks, he became free of pain imtil June, 
1933, when superficial phlebitis of the stump of the right leg and of the 
left thigh developed; tins was associated with edema of the left foot and 
leg. In July, 1933, the left first and third toes became pngrenous. Rest 
pain was severe and the leg was markedly hyperesthetic. The- gangrene 
spread, necessitating amputation of the leg in July, 1933. The patient 
died, September 9, 1933, of coronary occlusion. 

The severe forms of ischemic neuritis are more prone to develop 
with the rapidly progressive forms of thrombo-angiitis obliterans. 
The periods of remission are short, the lesion involves large arteries, 
and collateral circulation does not have time to develop adequately. 
These forms may be justly designated as fulminating, or malignant, 
types. 

Vasos'pastic Pain. One patient noted a cramp-like pain in the 
muscles of the right calf, associated with a cold, white foot; the 
condition was relieved by nitroglycerin. Pulsations in the foot 
were not palpable while the pain -was present but could be felt 
after administering a vasodilating drug. This pain seemed cer- 
tainly to be of vasospastic origin, secondary to thrombo-angiitis 
obliterans. Usually, blanching or episodes of cyanosis, so frequently 
observed in this disease, do not cause pain. Sensations of numbness 
and aching are the usual complaints. 

Other Types of Pain. Unclassified pain wms found in 18 patients. 
The etiology in some cases could be surmised, in others the liistory 
was too vague and nonspecific to justify any inference as to the 
cause. In 2 cases the pain was probably the result of ischemia; 
the story was of aching pain, swelling, coldness and numbness of a 
digit, of several months’ duration. Another patient complained 
of intermittent pain in the toe, accompanied by redness. This 
may have been a localized inflammatory process. Rest pain in the 
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calf of the leg, contimous for days, with occasional exacerbations 
relieved by heat, exercise, and change of position, was, conceivablj’’, 
the result of localized arteritis or phlebitis. 

Comment. The accessibility of the extremities for objective study 
has rendered the investigation of disorders of the bloodvessels par- 
ticidarly fascinating. The changes in pulsation in the palpable 
arteries allows the course of the obliterating process to be followed 
with great accurac3^ Vasomotor disorders are obvious, exhibit- 
ing changes in color and variation in surface temperature. The 
evolution of troplhc lesions is wsible as are surface capillaries to 
microscopic observation. In addition to these clinical investiga- 
tions, correlation with pathologic material is made possible from 
studies of amputated limbs or digits and of specimens at biopsy. 
The advent of arteriography (Allen) of the extremities by the intra- 
arterial injection of opaque substances, such as thorium dioxid, 
has made visible to an astonishing degree the distal arterial archi- 
tecture, more particularly of the upper extremities. Arteriography 
has brought out two important factors: (1) that many male 
patients with disorders which were thought to be vasomotor in 
origin have been shown to have organic occlusion of the smaller 
digital arteries, and (2) that the, arteries of the hands are involved 
in a much higher percentage of cases of tlirombo-angiitis obliterans 
than was previously believed. It is apparent that occlusion of the 
arteries may occur in the face of complete absence of any signs or 
sjunptoms, indicating rapid development of collateral circulation. 
This is particularly true in- the upper extremities. 

There are two major tjq^es of pain in cases of tlwombo-angiitis 
obliterans; (1) that resulting from ischemia of the nerves of the skin, 
or of the larger nerve trunks, or ischemia of the muscles, each of 
which causes a recognizable tjq)e of distress, and (2) that resulting 
from inflammation of the veins, of the arteries, or of the cutaneous 
tissues. This -grouping holds true not only in cases of tlirombo- 
angiitis obliterans, but also in those of other occlusive diseases of 
the arteries, such as arteriosclerosis, or occlusion from embolism. 
In arteriosclerotic disease, wdth the exception of that attributable 
to superficial phlebitis and arteritis, the same t;yq5es of pain are 
observed as in thrombo-angiitis obliterans. 

Ischemic episodes, with blanching or cj'^anosis of the skin, do not 
cause severe pain. Similar absence of significant degrees of pain 
occurs in Raynaud’s disease, a primary vasospastic disorder. The 
complaint is usually a feeling of numbness or aching. 

Ischemia of the larger nerve trunks causes true, ischemic degener- 
ative changes in the nerve fibers. Actually this is not true neuritis, 
as only occasionally is an inflammatory process present. The pain 
of ischemic neuritis is fairly characteristic in that it appears with 
rest, occurs in the absence of trophic lesions, and usually follows 
sudden closure of one of the larger arteries of the limbs. The 
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vasospastic- changes in color that accompany- this are secondaiy 
manifestations of involvement of sympathetic fibers in the mixed 
nerve trunk. 

Ischemia produces no pain in the resting muscle; pain occurs 
only with exercise, and this pain is known as claudication. This 
symptom, which comes after a constant amount of muscular activity, 
is thought by Lewis to be attributable to the accumulation of some 
“X” substance which is capable of producing pain. 

Pain resulting from inflammation of the arteries and veins is not 
severe and is usually self-limited; it exists for a period of from 2 to 3 
weeks, the time for the subsidence of the inflammatory lesion. 

It is interesting to speculate as to wdiy arteritis does not produce 
more serious degrees of pain. In only a small percentage of cases is 
arteritis painful. When present, the pain is never severe, and in the 
majority of cases inflammatory lesions of the arteries are unrecog- 
nizable as far as the local inflammatory process is concerned. 

Pain, in older subjects with occlusive arteriosclerotic disease, 
is less intense, as a nile, than that observed in cases of thrombo- 
angiitis obliterans. Ischemic neuritis is probably of equal frequency 
in both arteriosclerotic disease and thrombo-angiitis obliterans. In 
the former, tropliic lesions as a rule are less intense unless diabetes 
is present. With diabetes, the ulcers are usually of the moist variety, 
with marked degrees of secondary infection. The process, however, 
is primarily thrombosis resulting from arteriosclerosis. Diabetes 
simply modifies the type and course of the inflammation of ischemic 
tissues. 

The individual sensitivity of the patient to painful lesions of 
peripheral arterial disease varies greatly, and modifies the clinical 
symptoms to a considerable degree. It is amazing the amount of 
pain a stolid individual will endure, as compared with the relatively 
small degrees of pain that a highly sensitive subject can tolerate. 
These individual differences in sensitmty are particularly important 
from the standpoint of treatment. Amputation or radical neurologic 
procedures may be imperative because of the low threshold for pain 
which causes a breaking of the morale of a hypersensitive person. 

An interesting group of patients have been observed who have 
advanced grades of closure of the arteries and ulcers of the digits 
hut with complete absence of pain. This cannot entirely be ex- 
plained on the basis of lowered sensitivity of the individual to pain, 
and it has occurred among patients without demonstrable evidence 
of neuritis. ' Pathologic studies of the amputated extremities of 
th^e patients have thrown no light on these paradoxical findings. 

of occlusive disease 

of the bloodvessels assumes importance from .the standpoint of 
treatment. The relief of pain is a paramount problem. Often on 
Its control depend preservation of the morale of the patient and 
preservation of the limbs. As recognition of the basis of the pain 
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lias advanced, so has more effective therapy. The newer tissue 
extracts (Roth) used in treatment of the pain of claudication have 
given increased range of activity in a high percentage of cases. More 
effective control of the pain resulting from ulcers and gangrene 
has been obtained by rest, by immersion of the affected parts in 
mild non-irritating solutions, such as boric acid, by the use of anes- 
thetic solutions locally, by induction of fever by foreign proteins, 
and oecasionally by section of the sensory branches of the peripheral 
nerves. Sympathetic ganglionectomy is not carried out for the 
relief of pain, but has a definite field of usefulness in the prevention 
of recurrent ulcers. The pain of phlebitis and arteritis frequently 
can be controlled by the use of Roentgen therapy. The control 
of the pain of ischemic neuritis is at present a major problem. No 
entirely effective treatment is available. The milder forms are 
self-limiting and can be controlled with mild analgesic drugs, or 
alcohol by mouth, and treatment with Roentgen rays over the 
lumbar portion of the spinal column. In the severe forms of neuritis 
control of pain may be often impossible and operative .measures 
may be necessary; in several cases chordotomy has been performed. 

Summary. There are 7 distinct recognizable tjqies of pain in 
tlirombo-angiitis obliterans. The two major factors involved in 
the production of pain are: (1) ischemia, and (2) inflammation. 
The tjqies of pain observed in arteriosclerosis obliterans are similar 
to those in tlirombo-angiitis obliterans, ivith the exception that 
pain resulting from phlebitis and arteritis is absent. 

Intermittent claudication was the initial symptom in more than 
90% of the cases in this series. The recognition of the arterial basis 
of this symptom is of cmcial importance, as avoidance of ulcers 
and gangrene and preservation of limbs depend largely on early 
appreciation of the circulatory impairment. The presence or 
absence of pulsations in the peripheral arteries should be determined 
in any case in which pain in the extremities is a prominent feature. 

All types of pain present in this disease are amenable to treatment 
with the exception of that attributable to severe degrees of ischemic 
neuritis. 

The decrease in the incidence of amputation in cases of thrombo- 
angiitis obliterans has followed, to a large degree, the effective treat- 
ment of pain. 
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(From the Heart Station and Adult Cardiac Clinic, Michael Reese Hospital.) 

It is becoming more apparent that the electrocardiogram is an 
important element in evaluating the condition of the coronary cir- 
culation. Its place in the diagnosis of recent coronary occlusion 
is well established but its use in other forms of coronary insufficiency 
is still not fully appreciated. It is known that serial electrocardio- 
grams over a long period of time in patients with coronary sclerosis 
frequently show slowly progressive changes in the conventional 
3 leads, which have been ascribed to the myocardial changes result- 
ing from the progressive coronary sclerosis.i'^-^ Since the precordial 
lead has been shown to be so definite an aid in the diagnosis of 
recent coronary occlusion/.Ls.e ^ seemed to us reasonable to suppose 
that It might also afford some information as to the progress and 

egree of myocardial damage resulting from coronary sclerosis 
information concerning the extent of the myocardial damage and 
the_ degree of coronary insufficiency present obtained at an early 
period, It seems to us, is of far greater value to the clinician than 
evidence as to the localization of the myocardial lesion obtained 

gtauwSL!’"’ o' D**"* o' «>• Heart and 
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later after an occlusion lias finally occurred. In fact, in most 
instances -wliere patients witli recent coronary occlusion have come 
to autopsy, the hearts have been found to show definite coronary 
sclerosis often associated with extensive myocardial fibrosis and 
infarcts of long standing which were thought to have contributed 
to the earlier clinical disability.*’ With this in ^^ew we have under- 
taken a study of the 4-lead electrocardiogram in a large series of 
patients with coronary sclerosis diagnosed clinically. 

Procedure. 1. Technique of Taking Lead IV. The method used for 
taking the 4th lead was similar to that described by Wolferth and Wood.-* 
This was chosen because considerable data have already been assembled 
vdth this particular method, so that it has become conventional and com- 
parisons vdth pre^dous work would, therefore, be more intelligible. The 
procedure established by Katz and Kissin^ was followed with some modifi- 
cation. In brief, vith the patient on liis back, one of the standard (2J by 
5 cm.) tin electrodes was applied at the level of the 4th interspace, a little 
to the left of the sternum and attached to the right ann terminal, and the 
other electrode was placed on the posterior chest waU or on the left leg 
and attached to the left arm terminal. Care was taken to insure a close 
application of electrodes, to keep the skin resistance low, and to prevent 
overshooting. 'The curves obtained using the left leg as the point of lead 
off were similar to those using the posterior chest wall (Wolferth and ‘ 
Wood^). Wilson" has clearly shown that the location of the anterior pre- 
cordial electrode is far more unportant than that of the other. We feel 
that it is adAUsable for convenience to place the posterior lead on the leg 
in aU patients; tliis is our practice at present. This combination we have 
designated throughout this report as Lead IV. The use of the 4th inter- 
space just to the left of the sternum w'as selected as the place for the elec- ■ 
trode because it is an easily ascertainable and fixed point for use in taking 
serial records and for comparison among different indmduals. This does 
not apply to the point of the maximum apex beat used bj’- Wolferth and 
Wood^ and others. The 4th interspace is over the heart, and is less influ- 
enced by the position of the diaphragm than the 5th interspace wliich is 
used by some other workers. In normal persons, records obtained vdth 
the anterior electrode in the 4th interspace show a practically constant 
electrocardiograpliic contoiu in successive curves. 

It has been suggested that the precordial electrode be connected to the 
left arm terminal instead of the right. If this were done the exact inverse 
image of the curves here described would be obtamed with the phase signs 
of positive and negative reversed. It would be unfortunate, in our opinion, 
to confuse the issue by such reversal from the established practice, par- 
ticularlj’- since the direction of deflections is purely arbitrary and the present 
curves have gained wide use. Unless real justification is given for reversing 
the curves, w'e propose to continue with the present method. 

2. Method of Selecting Patients. For a time during 1932, Lead IV was 
taken routinely on all patients over 40 years regardless of ^agnosis. Since 
then it has been taken on aU patients on wiiom a clinical diagnosis of coron- 
arj'’ sclerosis, angina pectoris, arteriosclerosis or hiTJertension had been 
made or suspected.* In tliis manner a large mass of electrocardiographic 
material was assembled. 

After having obtained these records, the available clinical histories of 
the patients were carefullj' anatyzed independent!}’’ of the electrocardio- 

* This was in addition to the patients with suspected recent coronary occlusion 
(c/. Katz and Bohning*). 
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graphic findings. On the basis of the clinical findings alone, a separation 

of these patients -was made into three groups. ' 

Group I, Series A, consisted of 100 patients with clinical findings defi- 
nitely indicating moderate or advanced coronary sclerosis. The common 
clinical findings in this group were dyspnea on exertion and_ precordial pain 
associated until heart muscle weakness, peripheral arteriosclerosis _ or a 
widened aorta. During the preparation of this report a second senes ot 
electrocardiograms from 100 patients diagnosed clinically as coronary 
sclerosis was collected and analyzed. This we have designated Group 1, 

Series B. ^ ■ i. 

Group II consisted of 50 patients in whom coronary sclerosis was at some 
time suspected, but whose clinical picture was not definite enough to 
diagnose moderate or advanced coronary sclerosis with certainty or in whom 
the symptoms could have been caused by another condition.* Groups I 
and II included both hospital arfd ambulatory patients. 

Group III (added as a control) consisted of 100 patients falling ivithin 
the required age group, but whose clinical diagnosis was unknown to us. 
They were ambulatory patients referred for electrocardiograms by physi- 
cians from among their private patients. They were all, however, under 
suspicion of some cardiac involvement and, although the nature of this was 
undesignated, a fairly varied group of cardiac abnormalities was probably 
included. 

In addition, as a further control we obtained 4-lead electrocardiograms 
on a group of 25 normal subjects, interns and technicians, and on a group 
of 133 patients known to have other types of organic heart disease. 

In 56 patients of Group J, where a definite diagnosis of coronary sclerosis 
had been made, repeat Mead tracings were obtained at intervals covering 
from 4 months to more than 2 years. 

Eesults. After separating the records of the patients into the 
groups outlined above, the electrocardiographic findings of each 
group were carefully analyzed to determine the frequencj' of abnor- 
malities. The abnormalities in Lead IV were then studied in detail, 
classified and correlated with the findings in the other three leads, vath 
the clinical findings and, in the few autopsied cases, with the autopsy 
findings. For this purpose several extensive correlation tables were 
assembled from w^hich sundry summary tables were made. In 
addition the value of the repeated records was estimated. 

1. Frequency of Abnormal and Normal Electrocardiograms in the 
Several Groitps. The criteria used for the normal Lead IV were 
those established by the studies of Wolferth and Wood,^ Katz and 
Kissin,5 Masters,® Goldbloomi® and by the analysis of the 25 normal 
subjects used as controls in this study (Table 1). It can be seen 
that the various investigators agree rather closely as to the normal 
limits and our own findings agree fairly well with those of others 
From these data the criteria to be used in differentiating a normal' 
from an abnormal Lead IV were determined (Table 2). Variations 
m the P wave were disregarded for the most part as being of little 
importance In classifying the standard 3,. leads the usual criteria 
we employ for normality were used (Katz and Johnson”). 



8.^6 


BOnWLKG, KATZ: 


Table 1.— Noiuial Variations in Amplitude in Lead IV, Expressed 

IN Millimeters. 


Investi- 

gator. 

S . P wave. 

. S 

c< t 

Primarj’ nega- 
tive portion 
of Q-R-S 
or Q wave. 

Positive 
portion 
of Q-R~S. 

Total 
amplitude 
of Q-R-S. 

S-T 

Ecgmcnt. 

T wave. 

K .4ver. , Range. 

Aver, j Range. 

Aver, j Range. 

Aver. 

Range. 

•Wer. 

Range. 

Aver. 

Range. 

Katz anti 

, t -i-0.5 

- 1.0 

i-R 2.0 


5-0 


m 


-h I.O 

Ksdn* 

2o -O.Si to 

—8.5 to 

-M2.0i to 

20.0 

to 


to 

-3.0 

to 


1 -1.5 

-19 0 

1-133.0 


34.0 




- 8.0 


1 -f2.0 

- 1.5 





0.0 


- 1.0 

ifasfers’ 

Kit -O.Sf to 

—5.3'' to 

E 9 (1 

.. 


-1.0 

to 

-3.3 

to 


j -2.0 

,-I4.0 





-2.0 


- 7.5 


! -0 

- 3.0 





mm 


- 2.0 

GoMbloom’® 

25—0.6; to 

—7 2. to 


.. 




-4.9 

to 


1 -2.0 

'-14.0 




■ 

H 


- 8.0 

Bohning 

l-fl.O 

,- 2.0 

i-b 6.5 


HM 


-0.5 

■1 

- 2.0 

and Katz 

25 -0.3 to 

—7.9; to 

busuHH 

25.1 

to 

-1.3 

to 

PH 

to 


1 -1.0 

I-I5 0 

;-f24.5 


KOKH 


-2.0 

m 

-10.0 

Total No. 

i 1 -(-2,0 

- 1 0 

\+ 2.0 


5.0 


0.0 


+ 1.0 

records 

170 -0.6, to 

— 7 2 > to 

-1-12 1 i to 

22.5 

to 

-1.1 

to 

-4.2 

to 

measured 

i , -2.0 

-19.0 

;-b33.0 


39.0 


-2.0 


-10.0 


Note.— In addition V'olferth and Vood.< Lieberson and Liberson,=< Hoffman 
and Delong'2 have described similar normal types without reporting actual measure- 
ments. Their method of applying the electrodes was essentially the same as ours 
■ndth the anterior electrode near the lower end of the sternum or at the apex and 
attached to the right arm terminal. Most cases were taken with the posterior elec- 
trode on the back and attached to the left arm terminal. Our cases, however, were 
all taken on the left leg, which, as wo have pointed out in the te.\t, gives essentially 
the same tj-pe of cunn. 


T.able 2.— Criteria for Normal Lead IV and Abnormal Variations in 

Lead IV. 


i 

Record. 

I Q wave or pri- 

r wave 

1 portion of 
jQ-/f-SeompIeJ.i 

1 Direction of main deflection 
[ of Q^R-S complex. 

1 

S-T segment. 

T wave. 

Normal 

Xe^ativc or Always present 
diphasic and usually i 

deep j 

• { 1 

Diphasic or essentially so (1st 

1 deflection ncg.) 

Occasionally iso- 
electric, but usu- 
ally neg. (less ; 
than —2 mm.) j 

Negative (less than — S 
mm.).* 

Abnomal | 

i 

1 

i 

t 

! 

1. Isoelectricj 1. Ver>’ small 

2. Positive _ \ 2. Absent 

3. Pobiibasicj 

1 

! 

! 

! ' ' 

1 1 

1 1 

! 

1 1. Entirclj' pos. (monophasic) 

2. Mainly pos, (diphasic) with j 

small neg. 1st deflections | 

3. Mainly pos. (diphasic) withi 

small neg. end deflection j 
‘ 4. Entirely neg. (monophasic) 

1 5. Mainly neg. (diphasic) with 
, small pos. end deflection 

: C. Mainly neg. (diphasic) with 
j small pos. Ist deflection 

7. Triphaao—W or M 

S. PobTihasic 

0. L’nusually large 

10. Unusually small 

1. Ncg. (—2 mm. 

or more) i 

2. Pos. of any de- 

gree 

1. Deeply neg. (—8 mm. 

or more). 

2. Barely discernible or 

fiat and isoelectric. 

3. Pffiitivc. 

4. Diphasic, with Ist 

phase neg. 

5. Diphasic, with Ist 

phase pos. 

0. Poiypha'ic. 


* With electrode in the fourth interspace to left of sternum. 
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The frequency of normal and abnormal electrocardiographic 
findings in the 3 groups of patients is assembled in Table 3. It can 
be readily seen that Group I shows a much higher percentage ot 
abnormality in Lead IV and in the conventional 3 leads than-is 
found in either of the other 2 groups. Lead IV showed abnormality 
most often when the conventional 3 leads were also abnormal. 
Only 3% of Group I, 8% of Group II and 6% of Group III had 
normal conventional 3 leads and an abnormal Lead IV. More 
often a normal Lead IV was present in association with abnormality 
in the standard 3 leads. This occurred in Group I in 26% of all 
patients, in Group II in 40% and in Group III in 36%. 


Table 3.— A Compaeison of the Incidence of Abnorjiaeity in Lead IV With 
That in Leads I, II and III. 


Clinical grouping. 

Group I. 

Group II. 

Group HI. 

Scries A. 

Series IJ. 

Diagnosis 

[ Coronary 
sclerosis 

[ 

Coronary 

Bclcrosis 

j Suspected 

1 coronary 
disease 

1 1 

Undesig- 

nated 

(control 

1 group.) 

Clinical findings 

Definite 

Definite 

1 

Indefinite \ 

Unknown. 

Total number of patients . I 

100 

100 

60 

100 • 

Range of ages, yrs 

40. to 87 

'36 tol76 

30toi75 i 

35 to 78 

Average age, yrs. . . ... 

59 

56 

52 

54 

Lead IV, abnormal 

69%"“ 

68% 

24% 

32% 

Leads 1, II, III, abnormal 

92% 

83% 

50% 

02% 

Leads, I, II, III, IV, all abnormal '. 

00% 

65% 

16% 


Leads I, II, III, normal; Lead IV, 
abnormal 

3% 

3% 

8% 

0% 

Loads I, II, III, abnormal; Lead IV 
normal 

> 20% 

18% 

■ 40% 

36% 


The presence of abnormality in Lead IV in 68,5% of our series 
of 200 patients with coronary-' disease is larger than that reported 
by _Goldbloom,io who found an abnormal Lead IV in 37.5% of his 
series of 40 patients with coronary sclerosis. This variation is due 
.largely to the difference in criteria used to establish abnormality 
ot this lead. Goldbloom does not regard a negative Ti of 9 mm 
as abnormal, although from Table 1 it can be seen that only 1 
instance of a normal subject out of 179 has yet been reported with 
a i , of 9 mm. or more. Eecently, Wood ei aU found that occasion- 
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ally Ta was larger than 9 mm. in their series of normal subjects— 
but they placed their precordial electrode over the apex. Goldbloom 
does not interpret a diphasic Ta as abnormal as we, and most 
others, do. But most important of all he entirely ignores the S~Ta 
deviations, which we and others consider as one of the variations 
most significant of abnormality. Two mm. was the upper limit of 
S-T negativity in normal subjects reported in Table 1 and a positive 
S-T segment was never found in these normal subjects. 

The records of a group of 133 instances of patients with organic 
heart disease of miscellaneous origins were also examined, ^^diile 
similar changes appeared in some of them, the frequency was about 
one-half that of the 200 cases of coronary sclerosis, and the abnor- 
malities of Lead IV were much less than those found in our series 
of coronary sclerosis. 

Wliile we found that Lead IV alone was diagnostically charac- 
teristic in onlj^ a few instances when the standard 3 leads were nor- 
mal, nevertheless Lead was of very definite assistance in aiding 
in the determination of the extent of myocardial damage in many 
patients. Abnormalities when present in Lead IV are usually 
striking in appearance and, for this reason, often served as a final 
clue in evaluating a record which might otherrvise be doubtful, if 
judged by the conventional 3 leads alone. However, just as in the 
standard leads, different degrees of abnormalities were found varying 
from the borderline of normality to unquestionable deviations from 
the normal. Furthermore, greater significance was attached to an 
abnormality when it occurred associated with other abnormalities, 
whether in the 4th or the other leads. 

2. Relation of Abnormal Lead IV to the Clinical Findings in the 
100 Patients With Coronary Sclerosis {Group I, Series A). The data 
of this correlation are assembled in Table 4. The patients were 
divided into 2 groups, those with normal and those with abnormal 
Lead IV. It will be seen that dyspnea on exertion and palpitation, 
cardiac enlargement, edema and congestive heart failure were more 
frequent in the group vdth abnormal Lead IV. Furthermore, 
digitalis therapy was more often required in this group. Pain 
referable to the heart was present in 85% of all patients, but was 
only slightly more frequent in the group with abnormal Lead IV. 
Arteriosclerosis of some type, including peripheral and aortic, was 
present in 93% of all patients and was about equally distributed 
between the 2 groups. Hypertension, interestingly enough, was 
found more frequently in the group ndth normal Lead IV. The 
significance of this finding is not clear. In a considerable number 
of patients a high blood pressure present years earlier had become 
definitely lower after clinical symptoms of heart muscle weakness 
had beeome apparent. 

The increased frequency of the finding of dyspnea, palpitation, 
edema, cardiac failure and cardiac enlargement in patients with 
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abnormal Lead IV does seem to indicate that these patients had a 
relatively greater degree of myocardial damage than the group vnth 
normal Lead IV. This observation lends support to the view that 
the appearanee of Lead IV is determined by the presence of advanced 
myocardial involvement and, therefore, can be used as one sign oi 
the presence of this condition. 


Table 4.— Relation of Abnormality in Lead IV to the Clinical Findings 
IN THE 100 Patients With Coronary Sclerosis (Group I Series A). 



Per cent of all cases with 

Clinical findings. 

Normal 
Lead IV. 

Abnormal 
Lead IV. 

Coronary 

sclerosis. 

Sox: 

Male 

Female 

Complaints: 

... 61 

... 39 

1 

... 48 

51 

49 

65 

54 

46 

60 

Dyspnea on exertion . 

Palpitation 

. . . 22 

35 

31 

Pain, all types 

. . . 80 

87 


Pain, precordial .... 

... 77 

84 

82 

Pain, substernal .... 

. . . 6 

8 

8 

Pain, radiating to arm 

... 29 

19 

22 

Pain, epigastric .... 

Phj>'sical findings: 

. . 0 

3 

53 

2 

60 

Hypertension 

Systolic blood pressure: 

... 76 



Under 100 

... 0 

1 

1 

100 to 150 

... 21 

46 

39 

150 to 180 

. . . 42 

19 

26 

180 to 200 

. . . 13 

12 

12 

Over 200 

. . . 21 . 

22 

22 ^ 

Arteriosclerosis 

... 90 

94 

93 

Cardiac enlargement . 

. . . -48 

61 

57 

Distant heart tones 

... 42 

43 

43 

Systolic murmurs .... 

. . . 45 

40 

42 

Diastolic murmurs .... 

. . . 3 

7 

6 

Edema . ' 

. . . G 

21 

. 17 

Heart failure of some degree . 

. ' . . 22 

33 

30 

Cyanosis 

. . . 9 

4 

6 

Digitalis therapy employed . 

... 6 

■ 32 

24. 


3. Uelation of Abnormal Lead IV to the OocnrrcncG of Ahriormalities 
in the Standard 3 Leads in the 100 Patients With Coronary Sclerosis 
{Group I, Series A). A further estimate of the value of Lead IV 
can be obtained by comparing the appearance of the standard 
3-lead electrocardiogram when this lead is normal and when it is 
abnormal. This comparison has been summarized in Table 5. 
The terms used have been those employed by us in interpreting 
electrocardiograms (Katz and Johnson^^). It will be seen that the 
standard 3 leads were not only somewhat more frequently abnormal 
in the patients with abnormal Lead IV, but the degree of abnor- 
mality of die curves was greater, as indicated by the interpretations, 
compatible with,” “suggests” and “indicates myocardial involve- 
ment.” The details as to specific aberrations of the several com- 
plexes are clearly to be seen in Table 6. Extrasystolic arrhythmias 
were more frequent in patients with abnormal Lead IV than in 
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those with this lead normal, and intraventricular and A-V block 
were not encountered when the 4th lead was normal. There can 
be no doubt that abnormalities in Lead IV are not only associated 
more frequentlj'' with clinical evidence of myocardial damage, but 
also with electrocardiographic evidence of such damage in the 
standard 3 leads. An abnormal Lead IV, this evidence would also 
suggest, is an additional clue to the electrocardiographic diagnosis 
of myocardial dosage. 


Table 5. — Relation op Abnormality in Lead IV to the Occhkrence of 
ELECTROCAKD lOORArHtC DEVIATIONS IN THE STANDARD ThREE 
Leads in the 100 Patients With Coronary Sclerosis 
' (Group I — Series A). 

Per cent of all cases n'ith 


Titic of deviation. 

Normal 
Lead IV. 

Abnormal 
Lead IV. 

Coronary 

sclerosis. 

Leads I, II, III, abnormal .... 

. 84 

96 

92 

Myocardial involvement: 

Compatible 

. 16 

4 

8 

Suggested 

. 19 

12 

14 

Indicated 

. 49 

80 

70 

Estrasystoles 

. 3 

13 

10 

Auricular fibrillation 

. 3 

4 

4 

Block: 

Intraventricular 

. 0 

11 

8 

Complete A-V 

0 

1 

1 

Partial A-V 

. 0 

1 

1 

Q-R-S deviations: 

Slurring 

. 100 

100 

100 

Notching of Q-R-Si 

. 0 

8 

6 

Notching of Q-R-S 2 

. 3 

11 

9 

Notching of Q-R-Sz 

. 9 

39 

30 

Left aids shift 

. 48 

47 

47 

Left ventricular preponderance . 

. 22 

30 

28 

Right ventricular preponderance 

. 0 

3 

2 

Low “ voltage " (standard 3 leads)' . 

. 6 

11 

10 

S-T deviations: 

Negative S~Ti 

. 35 

43 

41 

Negative S-T: 

. 25 

58 

34 

Negative S-T: 

. 0 

13 

9 

Positive S-Ti 

. 0 

8 

6 

Positive S-T; 

. 0 

11 

8 

Positive S-T: 

. 12 

26 

22 

T deviations: 

Negative Pi 

. 0 

20 

14 

Negative T; 

. 3 

15 

11 

Negative T: 

. 32 

35 

34 

Diphasic Pi 

. 13 

19 

17 

Diphasic T: 

. 3 

16 

12 

Diphasic T: 

. 10 

19 

16 


4. T/ie Abnormalities in Lead IV Encountered in the 100 Patients 
With Coronary Sclerosis {Groiq) I, Series A). An attempt was 
made to see if the changes in Lead W could be divided into sei^eral 
groups. For this purpose the direction and magnitude of the devia- 
tion of the various complexes were determined as shown in Table 6. 
The separation of the group into those vlth normal and those with 
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abnormal Lead IV serves to emphasize the criteria used to establish 
whether the lead was to be classified as normal or abnormal. 


Table 6.— Vaeiations in the Complexes Encountebed in Lead IV in the 
100 Patients, With Coeonaby Sclerosis (Group I Series A). 

Per cent of all cases with 


Complex and type 
of deviation 


Normal 
Load IV. 


Tt: 


Abnormal 
Lead IV. 


. 

Positive . r . . . ■ 


3 

8 

Negative 


68 

52 

Isoelectric 


29 

SO 

or'primary negative portion 
Absent 

of Q-R-Si: 

0 

10 

Small (negative) 


0 

53 

Medium (negative) 


78 

14 

Deep (negative) 


22 

23 

bin deflection of Q-R-Si: 
Monophasic positive . ' . 


0 

7 

Mainly positive 


0 

54 

Diphasic 


100 

23 

First deflection positive and small 

0 

3 

Mainly negative 

. 

0 

4 

Monophasic negative . 


0 

9 

~T4: 

Positive 


0 

7 

Isoelectric 


29 

13 

Negative 


71 

80 

Less than —1 mm, . 


42 

28 

—1 to —2 mm. . 


29 

31 

—2 to —4 mm. . 


0 

13 

—4 to —7.5 mm. 

r , 


0 

8 

Positive 


0 

10 

Diphasic 


0 

22 

Negative 


100 

68 

—1 to —3 mm. . 


29 

14 

—3 to —5 mm. . 


32 

16 

—5 to —8 mm. . 


29 

25 

—8 to —11 mm. 


10 

13 


Coronary 

sclerosis. 

7 

CO 

33 

7 

36 

34 
23 

• 5 

37 
47 

2 

3 

6 

5 
18 

77 
32 
30 

9 

6 

7 

16 

78 
19 
21 
26 
12 


With this as a backgtound we next classified the records according 
to the form of the Q-R-S and T complexes encountered in Lead LS^. 
In Table 7 is tabulated the appearance of the other phases of the 
ventricular complex encountered in each of the Q-R-S and in each 
of the r 'types. It is interesting that the second series (B) of 
100 cases of coronary sclerosis had a similar distribution. 

From this material we next attempted to describe the commoner 
types of Lead IV seen. This has not been an easy task because of 
the overlapping and the finer gradations as a survey of .Table 7 
nlll show. However, we feel that it is fair to say that 4 main types 
of abnormality in Lead IV are encountered in coronarv sclerosis. 
We have designated these as ( 1 ) the positive Q-R-S4 t}rpe (the most 
common), (2) the negative Q-E-S 4 type, (.3) the positive and diphasic 
1 4 type and (4) the deeply negative T 4 type. Naturally there is 
some overlapping between the groups as one of the Q-R-S types 
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may be associated wth one of the T types. The criteria by which 
each tjT)e is classified and the appearance of the other phases of 
the ventricular complex- encountered are summarized in Table S 
and are illustrated in Figs. 1 to 17. 

Table 8. — SumiABY of the Most Common Abnormal Types of Lead IV Found 
IN 200 Patients With Coronary Sclerosis. 



1 

1 

Associated findings in other phases of ventricular complex. 

1 


1 

i 

No. 

found 

! 

1 Q wave or 

1 primary j 
negative ' 
portion of 1 
Q-R-S,. \ 

1 

Main direction of 
Q-R-Si compie.x. 

S-Ti segment. 

Ti wave. 

Remarks. 

■gtS 

§,s 

(1) 

Q-R-Si 

positive 

type 

83 

i 

, 

Absent or j 
small 1 

1 

1 

1 

1 

1 



f 

Entirely or mainly ' 
pos. 

. 1 

1 

1 

! 

Usually neg. and 
ranges from — 1 
to —8 mm. 

Usually neg.; mod, to 
deep (occ. diplia.sic 
and rarely pos.) 

Most common type 
{assoc. withE.C.G. 
evidence of my- 
ocardial involve- 
ment in standard 
leads) 

3 

4 

5 

7 

8 

9 

10 

12 

(2) 

Q-R-S, 

Kegative 

type 

16 

Usually 
present | 
and deep 

! 

Entirely or mainly 
neg. (sometimes a 
small pos. deflec- 
tion precedes main 
neg. deflection) 

Varics-^may be 
[ pos., isocicefrio 
or neg. 

Varies — most often 
neg., mote rarely 
pos. or diphasic 
with 1st phase neg. 

Notso common (oft- 
en associated witli 
intraventricular 
block) 

6 

14 

15 

A.B 

IG 

A,B 

% 

T, 

positive 

. 

diphasic 

type 

SO 

1 

j 

I Usually 
present 

1 and small, 

1 may be 

1 absent 

Varies — frequently 
diphasic, but may 
i be pos. or neg. 

1 

1 

1 

1 

j 

j Varies — usually 
ncg.hut may Iw 
isoelectric or 

I pos. 

1 

1 Pos. or diphasic (us- 
ually of type hav- 
ing 1st phase neg.) 

Rcftmbiing the tj-pe 
with ant. wall in- 
farction, as seen in 
recent coronary oc- 
clusion 

5 

7 

8 

9 

lOA 

13C 

15B 

10 

A.B 

W 

T, 

deeply 
negative ! 
type 

u 

i 

Usually 
present; 
may be 
mod. deep 
or absent 

Usually mainly pos.; 
often diphasic 

Neg.; often deep- 
ly neg. 

i 

Deeply neg. (—8 to 
— 15 mm.) 

1 

! 

Resembling the type 
with post, wall in- 
farction, as seen in 
recent coronary oc- 
clusion 

11 


onn^ ^ ^yP^) wliich occurred S3 times in the 

iOO cases, the Q~R-S complex was mainly or entirely positive 
(Figs. 3, 4, 5, 7, 8, 9, 10, 12). The former was the more usual form 
the q wave or primary negative portion of Q-R~S being present' 

fFilr? o^ J the Q-R-S complex was entirely positive 

Uigs. b, 9). At times a W form was seen (Fig. 5). The S~T 
segment was usually within normal limits (Figs. 3 5 10 IPI hnf- 
m 20 records was definitely negative (Kgs. i, 7%. 9). ' Tte r lave 
has usually within normal limits (Figs. 3, 4, 10 5 12 A E 
but once was positive (Fig. 5), 15 times diphasic (Figs’ 7 8 9 10 41 
and 11 times deeply negative. This positive V^lsl Vpe wa 
found m patients with intraventricular block onty 6 time? 

the°f) R Q-R-Si type which occurred 16 times in 200 cases 

K 1 mainly or entirely negative (Figs 6 S’ 

1». 16). In 6 mstances the (J-R-S compkx wfs entilty^gativ’ 
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(Figs. 14 B, 15 B). In 8 the complex was diphasic, with the 1st 
phase negative (a deep Q) (Figs. 14: A, 15.4). In the other 2 the 
1st phase was small and positive (Fig. 16.4, B). At times an M 
form was seen (Figs. 6, 14 B) or a W form (Fig. 15 B, 0). The 

I II III IV 



Fig. 1.— Moderate coronary sclerosis, moderate myocardial fibrosis and fatty 
infiltration of the myocardium found at autopsy. Note the large amplitude of 
which is the only abnormality in this lead. There is slurring in the standard 
3 leads, a negative S-Ti and a positive S-T3, left axis shift and a late ventricular 
e.vtrasystole in Load II. In this and subsequent figures the 4 leads are indicated 
by Roman numerals. 



i 


Fig. 2.— Moderate coronary sclerosis, moderate myocardial fibrosis, fatty infiltra- 
tion of the right ventricle and brown atrophy of the heart found at autopsy. Note 
the small amplitude of Q-R-Si which is the only abnormality in this lead. There is 
a decided left axis shift in the standard 3 leads. 

I II III IV 



Fig. 3. — Moderate coronary sclerosis and moderate myocardial fibrosis found at 
autopsy. Note the positive Q-R-Si type which is the only abnormality in this lead. 
There is a peculiar diphasic Q-R-S in the standard leads, negative and I’s and 
largo P 2 and Ps. 


S-T segment was usually within normal limits (Figs. 6, 14, 15 C, D, 
16), but in 4 instances it was positive (Fig. 15 B). The T wave 
was within normal limits in 10 instances (Figs. 6, 14 A, 15 E) and 
positive or diphasic in the remaining 6 (Figs. 15, 16). There were 
5 instances of intraventricular block in this group (Figs. 15, 16). 
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Neitlier one of the two Q-R-Si types was constantly associated 
with either one of the Q types described in the standard 3 leads by 
Wilson et al? 

I 11 i HI IV 



Fig. 4. — Moderate coronary sclerosis and moderate myocardial fibrosis found at 
autopsy. The 2 records were taken just before the patient’s death. Note the 
positive Q-B-Si type, the markedly depressed S~Ta and the positive P-t, which are 
all abnormal. The Q-B~S is slurred in the standard 3 leads, » and s is de- 

pressed and Ti, - and 3 is not discernible. 


In the positive and diphasic Ta type, wdiich occurred 50 times in 
200 cases, the T wave was positive in 13 (Figs. 5, %E) diphasic 
with the 1st phase negative in 30 instances (Figs. 7, 8, 9, 10 .4) 
and diphasic with the 1st phase positive in 7 (Figs. 13 C, 15 B, 16 B). 
The Q-R-S complex Avas usually diphasic and not abnormal (Fig. 
13 C), although there were 16 instances with a positive Q-R-S a 


I II III IV 



Fig. 5.— Moderate coronary sclerosis and moderate myocardial fibrosis found at 
autopsy. Note the positive Q~R-S4 and positive Ti types with W-shaped Q-R-S 
complex and electrical alternans. There is low “voltage” in the standard 3 leads, 
left axis shift, slightly depressed S-Ti and 2 and negative Ti. 


type (Figs. 5, 7, 8, 9, 10 A) and 4 with a negative Q-R-Sa type 
(Fip. 15 .B, 16). The S-T segment was usually within normal 
hmts (Figs. 10 ^,16). It was deeply negatiim 8 times (Figs. 7, 8 
) and positive 8 times (Figs. 13 0, 15 F). There ivere 6 instances 
ot intraventricular block in this group (Figs. 13 C, 15, 16). This 
group was associated with a negatii-e Ti or the Ti type of Parkinson 
and Bedford^® only 5 times. 
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In the deeply negative Ta typs, which occurred 14 times in 200 cases, 
the T wave was 8 mm. or more in depth (Fig. 11). In all but 3 
instances this was associated with the positive Q-R~Sa type (Fig. 11). 
In the exceptions the Q-R-S complex was diphasic and normal. 
The S-T segment was always negative, but in only 8 instances was 
it outside normal limits. There were 4 instances of intraventricular 
block, all with a positive Q-R~Sa type. This group w^as occa- 
sionally (5 instances) associated with a negative Ts or the Ts type, 
(Parldnson and Bedford^-). 


r II III IV 



Fig. 6. — Moderate coronary sclerosis, myocardial fibrosis and syphilitic aortitis 
found at autopsy. Note the negative Q-R-St type ivith M-shaped Q-R~S complex. 
There is intraventricular block of the indeterminate type, ivith Q-R-Si, 2 and 3 
slurred and Q-R-Ss inverted. S-Ti is depressed and S-Ts elevated. 


Several other abnormalities w'ere observed. The diphasic Q-R-Sa 
w'as sometimes unusually large (Fig. 1) or unusually small (Fig. 2) 
or was the mirror image of normal in that the 1st phase was positive 
and was follow^ed by a negative phase of equal magnitude (Fig. 16 C). 

5. The Appearance of Lead IV in the Presence of Certain Abnor~ 
nialities of the Standard S Leads in the 100 Patients With Coronary 
Sclerosis {Group 1, Series A). Of the 100 patients with coronary 

I II III IV 



Fig. 7.— Moderate coronary sclerosis and moderate myocardial fibrosis found at 
autopsy. Note the positive Q-R-St and diphasic Ti types, the markedly depressed 
S-Tt and positive Pi. There is slurring of Q-R-Si, « and 3, depression of S-Ti and 2, 
small Ti, 2 and 3 and inversion of Ti and 2. 


sclerosis in Series A, 75 show'ed a left axis shift or a left ventricular 
preponderance, but this did not noticeably influence the direction 
of the major Q-R-S deflection in Lead lY. It is interesting that 
33 of the 39 instances of the positive Q-R~Sa type without intra- 
ventricular block were in this group and only 1 of the 6 instances 
of the negative Q-R-Sa type without intraventricular block w'as in 
this group. This agrees with the observations of blasters, “ who 
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found that left axis shift had little influence on the direction of 
complex. , 

Low “voltage” of Q-RS in the standard 3 leads which occurred 
10 times in this series was never associated wdth low amplitude in 

There were 14 instances of the T\ type of Parkinson and Bedford 
and 35 instances of the T, type in this series. These were ociated 
with the various types of Lead IV as well as with a normal Lead IV. 

1 11 III IV 


'A 

1/15/34 


B 

1/23/34 


C 

3/23/34 


D 

7/30/34 


E 

11/9/34 


Eig. 8 .— Chronic non-progressive coronary insufficiency shown in series of 4 -lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Note the 
practically constant appearance of the 4 leads over a period of 10 months. Note also 
the positive Q~R—St and diphasic T4 types, the markedly depressed S—T4 and the 
positive P 4 . Q-R—Si, 2 and 3 is slurred. There is a Qi and in later records a Qs, 
S-T 3 is elevated slightly. 

The same^was true of the 27 instances of the of Wilson and the 
35 instances of the Qs type in this series. ^ 

^ Masters® has suggested that Lead IV might be of service in differ- 
tiating Ts inversions, which are a normal variant from those which 
are indicative of abnormality. In Series A of our cases of coronary 
sclerosis, there were 34 instances of negative Tg, 24 of which had an 
abnormal Lead IV. 

There were 9 patients with intraventricular block of the common 
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bimdle'brancli type or indeterminate type in Series A. Five of 
these had a negative Q-R-Si type, some being of the common 
bundle-braneh type, others of the indeterminate. In the latter, 
the Q-R-Si resembled a W and was small (Fig. 15 B). Three of 
the others which were of the common type of bundle-branch block 
showed the positive Q-R-St type. The 9th, of the indeterminate 
type, had a diphasic Q-R-Si complex. Hoffman and Delong’^ 
reported that in their 0 cases of bundle-branch block the Q-R-Si 

I il HI IV 



Fig. 9.— Chronic progressive coronary insufficiency shown in series of 4-lead elec- 
trocardiograms from patient clinically diagnosed coronary sclerosis. Note the 
slow progression of the T wave in Lead IV over a period of a year. Note the positive 
Q-R-Si and diphasic and positive Tt types, the markedly depressed S-T* and eventu- 
ally positive Pi. Q-R-Si, j and j are small, slurred and there is a left axis shift; 
Ti is inverted. 


was normal except for widening of the Q-R-S. It is difficult to 
say what significance the various tj^ies of Q-R-Sa encountered in 
intraventricular block may have; but in Hew of the recent studies 
by Wilson ei al. with precordial leads^^ and the observation made 
on the Q-E interval by Nichol,'* Wolferth et aU^ and ICatz, I.andt 
and Bohning,^^ it is possible that the 4th lead may be found to be 
of value in helping to determine the location of the intraventricular 
block. This we are now investigating further. 
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6. The 4-lead Electrocardiogram in Patients With Coronary Sclerosis 
Confirmed at Postmortem. There is very little information in the 
literature' concerning the 4-lead electrocardiogram in instances ot 
coronary sclerosis confirmed at autopsy. We are, therefore, re- 
porting our findings in 7 such instances, the clinical diagnosis of 
coronary sclerosis hamng been confiimed postmortem by Dr. D. 
Saphir, of the Department of Pathology. The sclerosis ivas found 

I II HI IV 



, Fig. 10. — Chronic non-progressive coronary insufficiency on which is superimposed 
a subacute coronary insufficiency shown in series of 4-lead electrocardiograms from 
patient clinically diagnosed coronary sclerosis who had an attack of clinically diag- 
nosed recent coronary occlusion in June, 1934. Note the practically constant 
appearance of Lead IV over a period of 1 year and 5 months except for the temporary 
change in segment fc when the patient had coronary occlusion. The change con- 
sisted in the appearance of a positive Tt type with some depression of S-T^, the 
standard 3 leads showing no change. The record 'shows a positive Q-RSt type 
and in Segment A, a diphasic Tt type. There is a noticeable sinus arrhythmia. 
In Lead III of Segment A there is a ventricular extrasystole. There is left axis shift. 
S-T 1 and » is depressed and Ti, 2 and 3 is small. 


to be moderate to advanced in all 7 and was associated with mod- 
erate or extensive myocardial fibrosis. The important detailed 
findings are given in the legends of Figs. 1 to 7. 

In none of the 7 was Lead IV normal. In one the abnormality 
consisted of a tremendously large diphasic Q-R-Sa (43 mm.) asso- 
mted vdth a negative S-Ti, slurred Q-R-Si,2,3 and left a.xis shift 
(Fig. 1). In a 2d the abnormality consisted of a small Q-R-Si 
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associated with a left ventricular preponderance (Fig. 2).* -In a 3d 
instance the abnormality consisted of a positive Q-R~Si t^'pe 
accompanied by several abnormalities in the standard 3 leads, 
especially large Po and 3 (Fig. 3). In a 4th the abnormality in 
Lead IV consisted of a marked depression of the S~T segment 
associated with similar S-T depressions in the other 3 leads; a 
positive Q-R-Si type and a positive P4 were also present (Fig. 4). 
The changes between records in tins case are probably due to the 
moribund condition of the patient. In a 5th the Q-RS^ was mainly 
up and triphasic (W), and was associated with the positi^’e T 4 tis-pe 
(Fig. 5). Low “voltage,” a left axis shift, S-T depressions Jn 
Leads I and II were also present. Another interesting feature is 
found in an electrical alternans in Lead R". In the 6th the abnor- 


A 

9/13/33 


B 

2/28/34 


Fig. 11. — Chronic non-progressive coronary insufficiency shorm in series of 4-lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Nofe the 
practically constant appearance of the 4-lead electrocardiogram o^'er a period .of 
0 * months. Note the positive Q-R-S* and the deeply negative Tt tj-pes. The 
Q-R-S complex is notched and small in Leads I. II and III, a Qi is present and there 
is left axis shift; Ti and 2 is inverted. 



mality consisted of an indeterminate intraventricular block with a 
negative Q-R-Si type, the complex being triphasic and hi shaped 
(Fig. 6). In the 7th, the abnormality consisted of a markedly 
depressed S-T 4 , a diphasic Ta (1st phase negative) and Q-R-Sa 
mainly up (Fig. 7). The standard 3 leads were also abnormal. 

This small series of autopsied cases, we believe, confirms the 
interpretation that Lead is of value in helping determining the 

status of the coronarj' circulation. 

7. The Value of Serial i-lead Electrocardiograms in Coronary Dis- 
ease. Early during the course of this study we were impressed with 
the resemblance of some of Lead W’s obtained in patients mth 

* This was a verj' interesting finding since brown atrophy was present. This 
has been dealt ■ndth elsewhere by Katz, Saphir and Strauss.'® 
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coronary sclerosis to those seen following a coronary occlusion^ but 
unlike the latter, these aberrations persisted practically unchanged 
for months or changed slowly. This was especially true of the 
group of records showing the positive or diphasic Ti tyipe (Figs. 8, 9) . 
Patients noth a recent coronary occlusion and myocardial infarction 
show abnormalities which progress and then regress rather rapidly 
in one or more of the leads of the 4-lead electrocardiograms 
and usually in Lead IV. For example, a negative Ti following 
the occlusion, becomes diphasic, then positive and later, over a 

I II III IV 



Fig. 12. — Chronic progressive coronary insufficiency shown in series of 4-lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Nofe the 
slowly progressive decrease in Q-R~St and the decrease in size of Ti associated with 
progressive depression of S-T\ and 2 and elevation of S-T3 over a period of 1 year 
and 9 months. Note the positive Q-Rr-Si type associated with left ventricular pre- 
ponderance, depressed S-Ti and 2 , elevated S-Ti and negative Ti. 


period of weeks, reverts back to a normal negative T wave (Katz 
and Bohning*). For example, in Fig. 10 is shown a patient with 
coronary sclerosis with a diphasic or negative Ti (Segments A and B) 
which became peaked and positive (Segment C) follovdng an occlu- 
sion rrith myocardial infarction, and then in a few weeks reverted 
to its earlier form (Segment D). In striking contrast, the patients 
with coronary sclerosis maintained the diphasic or positive T wave 
m Lead IV for many months or over 1 year or more either unchanged 
or only slowly progressive (Figs, 8, 9), 
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Tliese observations led us to study the changes in serial electro- 
cardiograms systematically. A collection of serial electrocardio- 
grams covering a period from 4 months to 2 years or more were 
obtained in 56 of the 200 patients with coronary sclerosis. An 
analysis of these records and, in addition, those obtained on patients 
with recent coronary occlusion and records obtained during this 
period in other .conditions have led us to the follomng conclusion: 

I II ni IV 


A 

7/25/32 


B 

7/14/3<l 


c 

10/10/34 

f 


D 

11/7/34 



Fig. 13. — Chronic progressive coronarj' insufficiencj'^ shown in series of 4-lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Note the 
progressive increase in Q-R-S duration, the S-Tt elevation, the change from a 
diphasic nith 1st phase negative to a diphasic Ti n-ith 1st phase positive over a 
period of 2 years and 3 months. This is associated with an inversion of Ti, decreased 
inversion of T in Leads II and III and depression of S-Ti and », elevation of S-Ta. 
There is an indeterminate type of intraventricular block and Qs and Qs is present. 


If one e.xcludes records obtained from acute infectious cases, from' 
moribund patients, arid if one can exclude the effect of large doses of 
digitalis (Strauss and Katz*®), then from the changes in serial 4-lead 
electrocardiograms it can be determined whether the coronary insuffi- 
ciency is; (1) An acute coronary insufficiency, i. e., angina pectoris, 
nocturnal dyspnea, cardiac asthma, or its equivalent; (2) a sub- 
acute coronary insufficiency, i. e., recent occlusion, thrombotic or 
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arteriosclerotic mth myocardial infarction; (3) a chronic non-pro- 
gressive coronary insufficiency; or (4) a chronic progressive coronary 

insufficiency. _ _ . 

In acute coronary insufficiency which is usually superimposed on 
a chronic milder coronary insufficiency the changes in the 4-lead 
electrocardiogram are transitory and usually slight, such as occur 
following exercise in patients with chronic coronary insufficiency 
(Katz and Landt^®) These changes are transitory, lasting only for 
a few minutes or hours after which the 4-lead electrocardiogram 
returns to its preexisting contour. We have seen 7 instances where 
this has occurred spontaneously. In some, these changes were 
accompanied by attacks of angina pectoris. In others, no angina 
pectoris accompanied the condition but, instead, only vague symp- 

l II III , IV 


A 

8/2S/32 


B 

2/21/34 


Pig. 14. — Chronic progressive coronary insufficiency shown in series of 4-lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Note the 
decrease in T over a period of 1 year and 8 months, associated with inversion otjTi. 
Note the negative Q-E-Si type which in Segment B is M shaped. There is left 
Ventricular preponderance and depressed S-Ti and elevated S-Tz. 



toms occurred. It is possible that similar changes will occur when 
the patient has an attack of paroxj'smal cardiac dyspnea. We 
believe that such changes in the electrocardiogram are brought 
about by any condition in ivhich the coronary blood supply becomes 
inadequate for the work the heart is doing, either because the former 
declines suddenly or the latter increases abruptly. Factors which 
bring about such a disbalance have been discussed elsewhere (Katz^O • 
In the subacute coronarj’- insufficiency, the inadequacy of the 
coronary circulation persists long enough to cause myocardial in- 
farction. This may be due to thrombotic closure, to arterioscle- 
rotic closure, or to arteriosclerotic narrowing and congestive heart 
failure (Saphir, Priest, Hamburger and Katz®). Here the changes 
in the electrocardiogram are more marked and progress over a 
period of days, weeks or a month or more if the patient survives. 
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before returning toward normal. Tins is tbe period of time required 
to establish an adequate collateral circulation. This group is dis- 
cussed in detail elsewhere (Katz and Bohning*). 

In the chronic non-progressive coronary insufficiency, the 4-iead 
electrocardiogram shows abnormalities which are practically station- 
ary over long periods of time, months or years. We have 36 in- 
stances of this group (Figs. 8, 10 A, D, 11). In this group it would 
seem that the collateral circulation keeps pace with the inadequacies 
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6/13/32 


B 

1/3/34 


C 

3/12/34 


D 

6/27/34 


E 

10/12/34 



Fig. 15. — Chronic progressive coronarj' insufficiency shown in series of 4-l6ad 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Note the 
progressive change in contour of Lead IV over a period of 2 years and 4 months. 
Note that the negative Q-R-St tiiie changes to a diphasic type, that in Segment B 
the Q-R-St has a W form, that the positive S-T* becomes negative, that the diphasic 
Ti becomes negative, that Pi becomes positive and that the S~T becomes positive 
in Lead I and negative in Lead III. There is an intraventircular block of the inde- 
terminate ts^ie. 


of the circulation either because, on the one hand, the pathologic 
changes are developing slowly or not at all, or, on the other hand, 
because the impairment is not too far advanced so that the collateral 
circulation can keep pace with the pathologic process. In any event 
the outlook in such patients, other things being equal, should be 
better barring the intervention of a thrombus, than.in the succeeding 
group. 

In the chronic progressive coronary insufficiency, the 4-lead 
electrocardiograms show abnormalities which progress slowly over 
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a neriod of months, or a year or more. We have 20 instances of 
this group in this series (Figs. 9, 12, 13, 14, 15, 16 and 17). In this 
group the collateral circulation cannot keep pace with the patho- 
logical process either because the anatomic changes are far advanced 

or because cardiac congestive failure is occurring. . , , p 

It must be borne in mind that, while the last group includes tor 
the most part the more abnormal electrocardiograms, neverthetes, 
there is no correlation between the degree of electrocardiographic 
abnormality and the rate of progression of the abnormalities (c/. Figs. 8, 
17). Serial electrocardiograms, we believe, should be taken in all 
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IV 



Rig. 16. — Chronic progressive coronary insufficiency shovai in series of 4-lead 
electrocardiograms from patient clinically diagnosed coronary sclerosis. Note that 
the S-T segment in Lead IV becomes depressed and the diphasic T 4 becomes positive 
over a period of 13 months, at the same time that Ti and 3 become diphasic and 
Pi positive. There is an intraventricular block of the common bundle-branch type. 
Note that in Segments A and B there is a negative Q-R-St type and in Segment C, 
a diphasic Q-R-S: in all, however, the Ist phase is positive. 


patients suspected of chronic coronary insufficiency and an estimate 
made of the degree of the inadequacy of the circulation and the rate of 
progression from the records so obtained. This estimate, we believe, 
is of decided assistance to the clinician when correlated with his 
judgment based on his clinical findings. We believe that this 
electrocardiographic evaluation is particularly useful because of the 
paucity of the clinical evidence in a large group of such patients. 
Indeed, further studies along these lines may offer a useful aid in 
prognostic studies as, for example, life insurance evaluations. We 
have pointed out elsewhere the added value of a graded exercise 
test for this purpose (Katz and Landt^”). 
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Finally, it may be emphasized that the 4th lead is a definite aid, 
not because the abnormalities are confined to this lead alone, but 
because the changes are so often more noticeable in this lead than 
in the others. Furthermore, the de-sfiation from normal in this lead 
often bears a reciprocal relationship to the de\aation from normal 
in the standard 3 leads. 

The changes in the 4-lead electrocardiogram seen in coronary 
disease are expressions of damages to the myocardium brought on 
by inadequacies of the coronary circulation. The S-T deviations 
are due to injury currents set up in various parts of the muscle mass 
as a result of injury to the myocardium. These cm-rents actually 
disappear once the injured tissue is dead (Korey and Katz"). The 
f-wave changes are brought about by a long delay in the arrival 
of the impulse to the injured areas (Katz^^). Conduction is the 

I II III IV 



Fig. 17. — Chronic progressive coronarj' insufficiency shomr in series of 4-lond 
electrocardiograms from patient clinically diagnosed coronary sclerosis; Note that 
while both records of Lead IV are normal there is a change between them, viz., 
Ti is smaller in Segment B and S-T^ formerly depressed is now isoelectric. This 
change occurred over a period of 11 months and is associated with S-T\ and : de- 
pression and decrease in Tj and There is left axis siiift in Qi and slurring of Q-E-Si, 
” and 5. 


most labile physiologic jivoperty of the heart and the first to be 
affected and the last to return to normal when cardiac muscle is 
damaged or malnourished. * These facts offer. a rational explanation 
of the correlation we have established between the electrocardio- 
graphic changes and the degree and course of the coronary insuffi- 
ciency. This functional classification should prove as useful in 
evaluating the clinical course of the patients as the anatomic and 
- etiologic classifications. 

Summary. 1. A total of 508 electrocardiograms taken with a 
Lead IV have been analyzed and the data tabulated and summar- 
ized. Two hundred were from patients clinically diagnosed to 
have coronary sclerosis, 50 from patients suspected of having coron- 
ary sclerosis but without definite symptoms, 100 from patients with 

* The Q-R-S abnormalities have been explained by AVilson cl al.- as the result 
of the absence of the electrical effects of the destroyed areas. 
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suspected cardiac disease, 25 from individuals with normal hearts 
and 133 from patients known to have other types of organic heart 
disease. 

2. It was found that patients with coronary sclerosis showed 
abnormalities in Lead IV more often than any of the control groups. 

3. The, abnormalities in Lead IV in the patients with coronary 
sclerosis were almost always associated with abnormal findings in 
the conventional 3 leads, but the delations were usually, more 
striking in Lead IV. 

4. Patients with coronary sclerosis having clinical evidence of 
myocardial incompetence showed abnormalities in Lead IV more 
often than patients without such myocardial incompetence. 

5. The 4 major types of abnormal Lead found in patients 
with coronary sclerosis are described. They are the positive Q-R-S4 
type (the most common), the negative Q-R-Si type, the positive 
and diphasic Ti type and the deeply negative T 4 type. 

6. The value of Lead IV in determining the status of the coronary 
. circulation was confirmed by postmortem examination in 7 cases 

of coronary sclerosis. 

7. Serial 4-lead electrocardiograms were obtained in 56 of the 
200 patients with coronary sclerosis covering a period of from' 
4 months to 2 years or more. Analysis of these records and, in addi- 
tion, those obtained on patients with recent coronary occlusion and 
other conditions showed the value of serial electrocardiograms in 
evaluating the state of the coronary circulation. ' This is particu- 
larly important because of the paucity of precise clinical evidence 
in a large number of such patients. 

8. If records obtained in patients suffering from acute infectious 
processes, those taken on moribund patients, and those due to large 
doses of digitalis are excluded, then one can determine from serial 
4-lead electrocardiograms whether the coronary insufficiency is: 
(1) An acute transitory coronary insufficiency, i. e., angina pectoris, 
nocturnal dyspnea, cardiac asthma, or its equivalent; (2) a subacute 
coronary insufficiency, i. e., recent occlusion, thrombotic or arterio- 
sclerotic, with myocardial infarction; (3) a chronic non-progressive 
coronary insufficiency; or (4) a chronic progressive coronary insuffi- 
ciency. ^ This functional classification should prove as useful in 

. evaluating the clinical course of the patients as the anatomie and 
etiologic classifications. 

9. This study emphasizes the importance of taking serial 4-lead 
electrocardiograms in all patients suspected of having coronary 
disease in estimating the degree of insufficiency of the coronary 
circulation and the rate of its progress. 

i'^debted to Dr. P, Markle for technical assistance, and to the Medical 
Stan of the Hospital for permission to use the records of their private patients in 
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CORONARY THROMBOSIS AND ITS EFFECT ON THE SIZE OF 

THE HEART. 

By Emmet F. Horine, M.D., 

ASSOCIATE CLINICAL PROFESSOR OF MEDICINE* 

AND 

Morris M. Weiss, M.D., 

CLINICAL INSTRUCTOR IN MEDICINE, CmVERSlTY OF LOUISVILLE* SCHOOL OF MEDICINE, 

LOUISVILLE, KY, 


Although it has been recognized for many years that arterio- 
sclerosis of the peripheral vessels does not per se cause cardiac- 
enlargement, statements are made that coronary artery disease 
results in an increased weight of the heart.^'"’®-'* Others believe 
that some extra coronary mechanism is responsible for cardiac 
hjiiertrophy found in persons with coronary disease.®'-®-'^ Prolonged 
e.xercise, folloiying experimental cardiac infarction in dogs, does 
not result in cardiac hj^pertrophy.® 

There has not been published a follow-up study of patients with 
coronary occlusion who had a normal sized heart at the time of the 
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occlusion to determine whether cardiac hypertrophy ensued. This 
report is such a study. A total of 20 cases was followed. All had 
definite clinical and electrocardiographic evidence of an acute 
coronary obstruction. Fluoroscopic or orthodiagraphic examination 
revealed in every case a normal sized heart. The examinations were 
made by one or both of us. All the patients were males. The ages 
were from 30 to 76 years. The average time from the first to the 
last Roentgen examination was 3f years. The shortest was 5 
months, the longest 9 years and 10 months. In many of the cases 
repeated interim Roentgen ray examinations were made. In no 
instance was there found any increase in the size of the heart. 
Aneurysm and acute dilatation of the heart which occasionally 
follow coronary thrombosis and which might simulate cardiac 
hypertrophy were not encountered. Three of the patients are dead. 
Autopsy in 1 case 5 months after the coronary accident confirmed 
the clinical diagnosis. Table 1 is a summary of the data. 


Table 1. — Analysis or 20 Cases Showing Normal Heart Size After Coronary 

Occlusion.* 





Initial Roentgen ray. 


Final Roentgen ray. 

Case. 




Size of 



Size of 

No. 

Age. 


Date. 

heart. 


Date. 

heart. 

1 

51 

Aug. 

13, 1928 

Normal 

May 

4, 1934 

Normal 

2 

58 

March 17, 1927 

Normal 

Feb. 

. 16, 1934 

Normal 

3 

30 

June 

1, 1925 

Normal 

June 

8, 1934 

Normal 

4 

58 

Jan. 

11, 1926 

Normal 

Feb. 

18, 1930 

Normal 

5 

50 

Feb. 

23, 1932 

Normal 

May 

25, 1934 

Normal 

6 

44 

June 

18, 1932 

Normal 

May 

26, 1934 

Normal 

7 

42 

March 4, 1924 

Normal 

Jan. 

8, 1934 

Normal 

8 

48 

Oct. 

10, 1931 

Normal 

Dec. 

30, 1932 

Normal 

9 

66 

Oct. 

7, 1931 

Normal 

July 

7, 1933 

Normal 

10 

64 

Feb. 

24, 1932 

Normal 

July 

7, 1932 

Normal 

11 

45 

Oct. 

5, 1927 

Normal 

Feb. 

8, 1932 

Normal 

12 

41 

Oct. 

6, 1926 

Normal 

June 

15, 1929 

Normal 

13 

47 

June 

1, 1933 

Normal 

June 

7, 1934 

Normal 

14 

58 

Sept. 

6, 1928 

Normal 

Feb. 

12, 1932 

Normal 

15 

55 

Aug. 

1, 1931 

Normal 

May 

14, 1934 

Normal 

16 

61 

July 

23, 1928 

Normal 

Feb. 

18, 1931 

Normal 

17 

42 

June 

7, 1928 

Normal 

April 

16, 1929 

Normal 

18 

53 

June 

26, 1931 

Normal 

June 

8, 1934 

Normal 

19 

49 

March 6, 1925 

Normal 

May 

25, 1934 

Normal 

20 

. 76 

Nov. 

1, 1932 

Normal 

May 

28, 1934 

Normal 


* All males. 


Comment. In any discussion of the cause of cardiac hypertrophy 
in a patient without an elevated blood' pressure a pre-existing 
hj'pertension which could cause the cardiac enlargement must be 
excluded. Such a possibility has not always been considered and 
probably accounts for the confusion in the literature as to the asso- 
ciation of coronary disease and cardiac hj^iertrophy. Even though 
the former level of the blood pressure is unknown, clinical or patho- 
logical ewdence of an antecedent hypertension should be sought for. 
Aside from the cardiac hypertrophy, which of itself may be proof 
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of a former lij^pertension, these patients may show impairment of 
renal function or uremia, a roentgenologic cardiac silhouette sug- 
gesting hj’pertension, coronary tj^pes of electrocardiograms as are 
so often found in known hypertensive individuals, ophthalmoscopic 
signs of a p^e^^ous hj^ertensive state, arteriolar sclerosis of the 
voluntary muscles as observed in biopsy specimens, and finally 
autopsy may disclose arteriolar lesions which always evidence a 
persistent hypertension during the life of the individual.® 

Summary, Twenty patients who had a normal sized heart at 
the time they experienced a coronary thrombosis did not develop 
roentgenologic evidence of cardiac enlargement although they were 
observed from 5 months to 9f yearn. 
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SuHGiGAL Diseases op the Chest. By Evahts Ambeosb Graham, A.B., 
M.D., F.A.C.S., Professor of Surgery, Washingtou University School 
of Medicine, St. Louis; Surgeon-in-Chief, Barnes Hospital and St. Louis 
Cliildren's Hospital, etc.; Jacob Jesse Singer, M.D.,_I'.A.C.P., Associate 
Professor of Clinical Medicine, Washington University School of Medi- 
cine; Assistant Physician, Barnes Hospital, etc,, and Harry C. Baeeon, 
M.D., C.M., F.A.C.S., Formerly Assistant Professor of Surgery, Washing- 
ton University School of Medicine; Formerly Assistant Surgeon, Barnes 
Hospital. Pp. 1070; 637 illustrations. Philadelphia: Lea & Febiger, 
1935. Price, §15.00. ■ 

It is difficult to do adequate justice to this volume. Witliin 1070 pages 
the authors have thoroughly covered the surgical -lesions of the chest. 
The subject matter is delightfully presented, adequately discussed and 
brings to the reader the wealth of the author's knowledge of the subject. 
The illustrations are well done and clearly bring out the points for which they 
are intended. Special chapters have been contributed by Ray W. Matson, 
Helen Lamb, Da^dd H. Ballon and Ralph C. Matson. 'There are 22 chap- 
ters beginning with a brief discussion of “Some Physiological Considerations 
of Importance to the Thoracic Surgeon" and ending with a presentation 
of the senior author’s chest service at the Barnes Hospital. _ 

The Table of Contents leaves nothing to be desired. This work is more 
than a thoracic surgery, for it covers the medical aspects of thoracic lesions 
which have a surgical significance just as carefully as it does the surgical 
technique. The lesions of the thoracic cage, pleura, lungs and bronclii, 
mediastinum, pericardium, heart, esophagus aud diaphragm are adequately 
presented. Anesthesia, bronchography and bronchoscopy and pneumo- 
lysis are thoroughly reviewed. 

Truly here is a work which every surgeon must have in his library and 
which most internists will do well to possess. Within its field it occupies 
a preeminent position. I. R. 


Diabetes Mellitus and Obesity. By Garfield G. Duncan, M.D., 
C.M. (McGill), Associate in Medicine in the Jefferson Medical College, 
Philadelphia; Assistant Physician to the Pennsylvania Hospital, etc. 
^yith an introduction by Thomas McCrae, M.D., Professor of Medi- 
cine in the Jefferson Medical College, etc. Pp. 215; 9 illustrations and 
40 tables. Philadelphia: Lea & Febiger, 1935. Price, $2,75. 

The book contains chapters on the etiology, incidence and pathology of 
diabetes; on food and food metabolism which present the practical physi- 
ology; symptoms and diagnosis; diabetes in clffidreix; the prevention and 
treatment of diabetes, and on its complications. There is a chapter on 
the clinic and ward routine for diabetics and one on laboratory methods. 
The section on obesity comprises four short chapters. There is the usual 
appendix of food values and average weight tables. 

It is apparent from this that the author is presenting the subject in text- 
book outline and for physicians. The material is of textbook’ caliber and 
the whole book is exceptionally well witten with a directness and clarity 
that could hardly be improved. There is relatively little bibliography and 
no attempt is made to present the complex medical ideas in the field of 
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metabolism. The chapter on clinic and ward routines for the diabetic 
with and without various complications will be welcomed b}-- the practi- 
tioner who wishes exact directions rather than principles. The section on 
obesitj’’ is simple, sufficiently resom’ceful and wisely avoids all fads. The 
book as a whole is a manual of diabetes and obesit}" for the physician, most 
of which is in language that he can use in the instruction of his patient, 
and should be of verj’- real value to the practitioner. F. L. 


Atlas Fundus Oculi. B3" William HoLmvND Wilmer, M.D. (University 
of Virginia), LL.D. (Georgetown University), Sc.D. (Princeton and 
New York Universities), Professor of Ophthalmologj^ and Director 
of the Department of Ophthalmology of the Johns Hopkins University 
School of Medicine; Ophthalmologist-in-Chief to the Jolms Hopkins 
Hospital, etc. Introduction b}'’ Warfield T. Longcope, M.D., Profes- 
sor of Medicine and Director of the Department of Medicine of the Johns 
Hopkins School of Medicine, Pp. 100; 100 colored plates. New York: 
The Macmillan Compan}'', 1934. Price, S35.00. 

Medical atlases are among the more enduring forms of memorials, as 
Baillie, Hope, Carsw^ell and Cruveilliier testity, to consider the field of 
pathologj' alone. What more fitting than that a leader in his specialty 
should cap the climax of liis active career with such a splendid monument 
to liis owm and to American ophthalmological achievement! But, as w^e 
have been told on good authority, this parBcular atlas is even more impor- 
tant as ranking at the verj'- top in the important field of study of the ejm 
grounds. After 13 plates of normal human and animal fundi, various 
pathologic conditions are portrajmd. Among the more conspicuous are 
anomalies (6), atrophies (4), choroido-retinitis (19), arteriosclerosis (S), 
changes in blood diseases (6), neoplasma (5). 

As pointed out by Dr. Longcope m the introduction, the Atlas derives 
its value from several sources; "In the first place, it ma}’’ be regarded as a 
series of personal records, selected by Dr. Wilmer with the discretion and 
wisdom that comes with great experience, to illustrate the appearance of 
the fundus under normal conditions and in a great variety of pathologic 
states; in the second place, it furnishes through the liistories, so excellently 
epitomized, the information necessar 3 >- for a useful correlation of the patho- 
logic lesions in the fundus with the disease from wliich the patient suffered; 
and in the third place, it unfolds before our ejms one beautiful reproduction 
after another, each one of w'hich depicts the changes in the fundus with a 
brillancj'’ and accuracy that cannot be surpassed.” Manj'- j'-ears in the mak- 
ing — as ma 3 '^ be seen from the various dates on the plates — with an obriously 
close cooperation between a competent artist and a clinician of wide e.xpe- 
rience working with extensive material, these beautiful, accurate, colored 
reproductions should stand as the court of last resort for many years. 
Colored photograpl^'' will indeed have to go far before it can surpass this 
magnificent achievement. E. K. 


The Dangerous Age in Men. A Treatise on the Prostate Gland. By 
Chester T. Stone, JM.D., Clinical Assistant Surgeon, Urological Divi- 
sion, BelleTOe Hospital, New York City; Urologist, Bergen County 
Hospital, Oradell, N. J.; Consultant Urologist, Rome State School, 
Rome, N. Y. Pp. 105. New' York: The Macmillan Compan 3 ’’, 1935. 
Price, S1.75. 

The cop3' of this book that w'e received for review' is one of the fourth 
printing since last Juty, and this is not surprising w'ith its provocative title, 
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and chapter headings such as “When is a Man Old?” “A Word to the 
Wives,” and so on. Even in the opening chapter, the conservative physi- 
cian’s antagonism is aroused by such statements as; “Medical authors 
have variously estimated that from 35 to 90% of all adult males have 
trouble with the prostate gland,” “It is, therefore, the most important of 
the sexual organs,” “Since vdthout sexual power there can be no real 
bodily and mental strength or capacity, this power must be kept in a 
state of efficiency by the regular and proper exercise of the sexual function,” 
“No organ in the human body can properly function without the stimulating 
aid of the internal secretion from the sex glands.” Later, referring to an 
active sex life interrupted by continence, “Unless this patient again estab- 
lishes his sexual life, or goes to a urologist for proper massage and treatment, 
he is sure of a prostatitis.” Even in a book written for the laity, are such 
categorical statements justified or even expedient? Good advice is given, 
to be sure, about moderate exercise, diet and sleep, psychic and physical 
harmony and the need for medical advice; but these, we believe, are more 
than balanced by the unguarded presentations of half knowledge that are 
capable of causing much damage. E. K. 


The Cyclopedia of Medicine. Index to Volumes 1 to 12. George 
Morris Piersol, Editor-in-Chief, and Edward L. Bortz, A.B., M.D., 
Assistant Editor. Chief Associate Editors: W. Wayne Babcock, A.M., 
M.D., Conrad Berens, M.D., P. Brooke Bland, M.D., Francis I. 
Lederer, B.S., M.D., A. Graeme Mitchell, M.D. Pp. 415. Phila- 
delphia: F. A. Davis Company, 1934. Price, $120.00 for the set. 
Although the topics discussed in the twelve volumes of the Cyclopedia 
of Medicine are arranged alphabetically, the material is so voluminous, and 
its arrangement of a necessity at times arbitrary, that the usefulness of the 
Cyclopedia depends in no small measure upon an adequate index. This 
need is fully met in the volume which has just appeared. The setting in 
bold-faced type of all references to treatment is a distinct advantage. 

B. K. 


French Medicine. Volume 15 of Clio Medica. By M. Laignel-Lavas- 
tine. Professor in the Medical Faculty in Paris; Secretary-GeneraT of 
the International Society of Medical History, and M. Raymond Molin- 
ERY, Gold Medalist of the Academy of Medicine; Member of the Frmch 
Society of Medical History. Translated bj'^ E. B. Krumbhaar, M.D., 
Professor of Pathology, University of Pennsylvania. Pp. 187; 14 illus- 
trations. New York; Paul B. Hoeber, Inc., 1934. Price, $2.50. 

To the Clio Medica series has been contributed a delightful little book 
on the history of medicine in France. Included subjects, described in 
interesting manner, are the curative magic of remote times, the primitive 
surgery of the Romans, the ecclesiastic origin of medical teaching and 
'the strange plagues of the middle ages. The reader learns that the waters 
of the famous French Spas were recognized for their medicinal value in 
the earliest Gallo-Roman period, when great thermal stations were estab- 
lished. An account is given of the long succession of inspired pioneers in 
medicine— Lanfranc, Albertus Magnus, Bichat, Fernel, Par4, Laennec 
Pasteur and many others whose work culminated in making Paris the 
center of the medical world of the 19th century. The book is very complete 
and suffers only from the brevity of description necessitated bv so broad 
a subject. t t 
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Die Werke des Hippokratbs. Herausgegeben von Dr. Med. Richard 
Kapferer unter Mitwrkung von Prof, Dr. Georg Stricker, Wurzburg. 
Regimen; Books 1 and 2 (Parfc 3, Price, Rm. 2.50); Books 3 and 4 (or 
Dreams), Regimen of Health (Part 4, Price, Rm. 2.10). Pp. Part 3, 98; 
Part 4, SO. S^tuttgart: Hippokrates-Verlag G. M. B. H., 1934. (To be , 
published in 25 parts costing ca. Rm. 100, card binding.) 

In the sense that in these 5 books the author offers a complex survey of 
the nature of man, they might be regarded as forming the very center of 
Hippocratic doctrine. Everj'thing human is governed by natural law; 
health must be obtained by obeying these laws; disease results from a 
marked departure from them. The Regimen represents Hippocrates’ “dis- 
covery” of how to regulate food and health so that health may be obtained; 
or disease, if present, be combated. This is indeed a great step beyond 
demonic pathology and magic treatment. The Regimen has a strong philo- 
sophic trend: far from holding close to observation, it makes free use of the 
imagination with a carefree disregard of truth of detail, so long as a truthful 
impression of the whole is conveyed. 

These books are also characteristic of much of the Corpus, in that the}'' 
are not definitelj’’ from the hand of Hippocrates himself — they are not even 
mentioned by Erotian, for instance. They have been divided by different 
scribes in different ways, an occurrence which accounts for the book on 
Dreams appearing as Book 4 of the Regimen; sometimes it was included 
without any separate title at all. Littre has one series of chapters for all 
four books. The wealcnesses arising from detailing factual statements from 
a basis of unproved hypothesis are only too often apparent. Book 4 offers 
a detailed— and, of course, fanciful— explanation of the significance of 
dreams and the influence of heaven, of the earth and of the dead in their 
production. 

In this edition, the interesting forewords and lists of contents that 
accompany each section are all the more valuable, as no index is as yet 
available. E. K. 


Practical Neurological Diagnosis. With Special Reference to the 
Problems of Neurosurgery. By R. Glen Spurling, M.D., Assistant 
Clinical Professor of Surgery, in charge of neurosurgery. University of 
Louisville School of Medicine. Pp. 233; 99 illustrations. Springfield, 111. : 
Charles C Thomas, 1935. Price, 84.00. 

Students and practitioners are offered this book of diagnostic principles 
as an aid to the earlier recognition of surgical lesions. Much space is given 
to the neurologic examination, including a study of the cranial nerves, the 
cerebrum, the cerebellum, the spinal cord and the reflexes. A section on 
spinal fluid ends with elaborate tables shoving the findings in health and 
disease, and in spinal subaraclmoid block. Tlie final section considers 
Roentgen ray diagnosis of the skull and spine, together with methods for 
obtaining encephalograms, ventriculograms and lipiodol investigations of 
the spinal cord. Many pertinent photographs aid in the interpretations. 


Fracastoro. Syphilis or the French Disease. A Poem in Latin Hex- 
ameters. By Girolamo Fracastoro. With a Translation, Notes and 
Appendix bj' Heneage Wtnne-Finch, M.A. (Oxon.), and an Introduc- 
tion b}' James Johnston Abraham, C.B.B., D.S.O.,\M.A., M.D. (Dub.), 

. F.R.C.S. Pp, 253; illustrated. London: William Heinemann, Ltd., 
1935. Price, 10/6. 

We welcome this latest edition to Fracastorius literature. A well chosen 
Introduction (38 pages) gives even those readers who have no previous 
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knowledge of the subject a good background of the views of the origin of 
sypMis and its remarkable spread through Europe at the end of the 15th 
century, of the use of mercury and guaiac,' of the word “syphilis,” with 
details of Fracastoro’s life and the high lights of the subsequent history of 
syphilis’. The Translator’s note includes an interesting bit of bibliographic 
detective work, namely, Fulton’s discovery in the Bibliotheque Nationale’s 
copy of a note in Fracastoro’s own hand as to the two debatable lines 
which were added in his handwriting in that copy, but only occasionally 
included in texts: The prose translation aims to reprodhce the author’s 
meaning accurately and yet retain as far as possible the grace and charm 
of the original — the goal of every translator worth his salt. On the former 
of these points we are not competent to express an opinion; the latter 
has been achieved as well as the flowery, circumlocutory style of the 16th 
century will readily permit. The rather copious notes, footnotes and in 
the appendices, are unobtrusive helps to further understanding. E. K. 


Martini’s Principles and Practice op Physical Diagnosis. Edited 
by Robert F. Loeb, M.D., Associate Professor of Medicine, pollege of 
Physicians and Surgeons, Columbia University, and Presbyterian Hospi- 
tal, New York. From the authorized translation by George J. Farber, 
M.D. Pp. 213; 30 illustrations. Philadelphia; J. B. Lippincott Com- 
pany, 1935. Price, $2.00. 

“Our first problem is to indicate the ways and means by which the 
physician may use his senses for the recognition and evaluation of disease. 
In this attempt the mention of the more important signs and to some 
extent also their arrangement will be a valuable and essential means to 

to this end Innumerable newly developed diagnostic procedures have 

been described during the last decades. Yet the simpler method of the 
practising physician have remained the same. This book is devoted to 
the physical methods of the latter.” (From the Author’s Preface.) 


Physiology in Modern Medicine. By J. J. R. Macleod, M.B., LL.D., 
D.Sc., F.R.C.P., F.R.S., Regius Professor of Physiology in the University 
of Aberdeen, Scotland, etc. Assisted in the present edition by Philip 
Bard, Professor of Physiology, Jolms Hopkins University School of 
Medicine, Edward P. Carter, Adjunct Professor of Medicine, Johns 
Hopkins University and Associate Physician, Johns Hopkins Hospital, 
N. M. D. Olmsted, Professor of Physiology, University of California, 
J. M. Peterson, Lecturer in Experimental Physiology, University of 
Aberdeen, and N. B. Taylor, Professor of Physiology, University of 
Toronto. Pp. 1154; 297 illustrations, including 7 plates in colors. 
Seventh edition. St. Louis: The C. V. Mosby Company, 1935. Price, 
S8.50. •- 

It is to be hoped that the recent death of the author of this well-known 
work will not prevent its continuation in future editions as one of the 
standard texts on physiology in English-speaking countries. Among the 
five assistants in the preparation of this edition there is surely sufficient 
talent to ensure the adequacy of future revisions. The book at last takes 
Its proper status by omitting “Biochemistry”’ from its title. There have 
been slight modifications throughout, the chief improvements being the 
revision by Bard of the chapter on Neuromuscular Mechanisms, and the 
assembling of the revised bibliography at the end of the volume instead of 
each section. i? 
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Blood Groups and Blood Transfusion. By Alexander S. Wiener, 

A.B., M.D. Pp. 220; 41 illustrations and 72 tables. Springfield, 111.: 

Charles C Thomas, 1935. Price, S4.00. 

To Bernlieim’s, Feinblatt’s and Snj'-der’s books on this subject is now 
added a work bj" one who has himself contributed notablj' to the knowledge 
of the problem involved. This work, adequately but not exhaustively 
documented, presents in IS chapters such topics as the historj" of, indica- 
tions for and technique of blood transfusion, the four blood groups with 
the various nomenclatures and the newer subgroups, and a rather full 
discussion of the genetic factors involved. It closes nith chapters on 
relation of blood groups to clinical medicine and other medicolegal appli- 
cations. It will be a useful aid to anyone noshing an authoritative state- 
ment of the subject in its latest developments. E. K. 


V 

Diseases of the Skin. Bj-^ Richard L. Sutton, M.D., Sc.D., LL.D., 
F.R.S. (Edin.), Professor of Dermatologj’-, Universityvof Kansas, School 
of Medicine, and Richard L. Sutton, Jr., A.M., M.D., L.P.C.P. (Edin.), 
Assistant in Dermatologj’', Universitj’’ of Kansas, School of Medicine. 
Pp. 1433; 1310 illustrations and 11 colored plates. Ninth edition, 
rerosed and enlarged. St. Louis: The C. V. Moabj' Company, 1935. 
Price, S12.50. 

This ninth edition in 20 j’ears of a deservedlj' popular work, re^'ised and 
enlarged, reflects the continuous e,xpansion of dermatologic studies and 
publications. Some two score new conditions are here described for the 
first time. A notable feature, in this as in other recent Mosby books, is 
the water-proof, vermin-proof cloth binding in which the text is enclosed. 

E. K,. 


The Care of the Aged, the Dying and the De.ad. Bj’’ Alfred Wor- 
cester, M.D., Sc.D., Henrj’ K. Oliver Professor of Hj’giene, Harvard 

UniversitjL Pp. 77. Springfield, 111.: Charles C Thomas, 1935. 

Price, SI. 00. 

This little book vith the big title was ■written especiallj'" to interest 
j'ounger medical practitioners in one phase of the art of medical practice. 
There is a chapter on each of the three dmsions of the title. In the care 
of the aged the physician is urged to devote more attention to the patient’s 
comfort and less time to efforts at impossible rejuvenation. There are 
many interesting suggestions for tlie tactful handling of patients. The 
adwe on diet and care of the demented is of special note. There is practi- 
calty no mention of drugs. Several questionable broad statements are 
made, such as, “in the prevention of suffering, prostatectomj’’, for instance, 
is second onlj’’ to the disco veiy^ of anaesthetics.” While the information 
is more or less general it is none the less interesting. The average plij's!- 
cian probabty devotes too much thought to the scientific treatment of his 
patients, j’oung as well as old, and too little attention to their actual 
comfort. 

The chapter on the care of the djdng shows the author’s unusual and 
sjinpathetic understanding of the verj’’ last comforts of the patient. 

In the care of the dead we see the follj' of elaborate and expensive burials 
and the injustice to future generations bj’' our present sequestrations of 
land for gravej’ards. 

While this is not a treatise on scientific medicine it is nevertheless an 
an entertaining and instructive book for phj'sicians, and has the advantage 
of brei'itjL * N. B. 
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Useful Drugs. A List of Drugs Selected to Supply the Demand for a 
Less Extensive Materia Medica, with a Brief Discussion of Their Actions, ' 
Uses and Dosage. Edited by Robert A. Hatcher, Ph.M.,_ Sc.D., 
M.D., and Cary Eggleston, M.D. Prepared under the direction and 
supervision of the Council on Pharmacy and Chemistry of the American 
Medical Association: Pp. 203. Ninth edition. Chicago: American 
Medical Association, 1934. Price, 60 cents. 

“This book represents a valuable and increasingly effective phase of 
the efforts of the Council on Pharmacy and Chemistry on behalf of rational 
therapeutics. Since its first appearance, in 1913, it has become a recog- 
nized work in its field. It has been adopted as a textbook by teachers 
of therapeutics in the best medical schools and by various examining and 
licensing boards. The various editions and revisions since that time have 
been undertaken in the effort to keep it abreast with the advance of thera- 
peutics. Drugs that have become obsolete have been deleted, and others 
the value of which has become established have been added. The state- 
ment of actions, uses and dosage of the various drugs are revised after 
discussion by the whole Council. They represent the latest and best 
results of therapeutics and pharmacologic revision.” (From Review in 
J. Am. Med. Ass?i.) 


Journal op Technical Methods and Bulletin op the International 
Association of Medical Museums, No. XIV. Edited by Maude E. 
Abbott, M.D., McGill University, Montreal. Editorial Board: Wil- 
liam Boyd, Winnipeg, Man.: Victor C. Jacobsen and Robert A. 
Moore, New York City; Carl V. Weller, Ann Arbor, Mich. Pp. 134; 
30 illustrations. Montreal: The Medical Museum, McGill University, 
1935. Price, $2.00. 

This journal contains too many articles of interest to make selective 
comment possible or desirable. Turning from the pithy editorials to the 
original communications, the morphologist is equally “intrigued” by the 
articles on museum administration and technique, photographic and micro- 
scopic technique, and the six short articles on various types of cardiovascular 
anomalies. Would that circumstances permitted a more extensive presen- 
tation at more frequent intervals! E. K. 


Methods op Treatment. By Logan Clendening, M.D., Clinical Pro- 
fessor of Medicine, Medical Department of the University of Kansas; 
Attending Physician, Kansas City General Hospital, etc. IWth chapters 
on special subjects by H. C. Andbrsson, M.D., Ursulla Brunner, R.N., 
J. B. Cowherd, M.D., Paul Gbmpel, M.D., H. P. Kuhn, M.D., Carl 
0. Richter, M.G., F. C. Neff, M.D., E. H. Skinner, M.D., E. R. 
DeWeese, M.D., and 0. R. Withers, M.D. Pp. 879; 102 illustrations. 
Fifth edition. St. Louis: The C. V. Mosby Company, 1935. Price, 
$ 10 . 00 . 

“This book was planned to furnish an outUne of all the methods of 
treatment in internal medicine . Its design contemplates gathering together 
material otherwise widely scattered in medical literature, as, for instance, 
descriptions of the technic of spinal puncture, blood transfusion, the wet 
pack and the ketogenic diet. In the sections on treatment in texts on the 
practice of medicine a method is recommended usually without any instruc- 
tions as to technic, usually, indeed, without any discussion of the rationale 
behind it. Texts on therapeutics and pharmacology are usually devoted 
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exclusively to drugs. Here all therapeutic procedure is brought together 

within the compass of one volume A word concerning the arrangement 

of the material may be helpful. The first part describes each procedure 
under the heading of drugs, diet, hydrotherapy, etc. The second con- 
siders the application, the results to be expected, etc., under the heading of 
the various diseases. The advantage of the arrangement is the lack of 
necessity for repetition. Thus in Part I the action of digitalis dosage, 
preparations, etc., are set down. In Part II whenever digitalis is indi- 
cated or contraindicated, in heart failure, pneumonia, thyrotoxicosis, etc., 
it is necessary to refer only to the description in Part I in each case.” 
(From Author’s Preface.) 


The 1934 Year Book of Pediatrics. Edited by Isaac A. Art, D. Sc., 
M.D., Professor of Pediatrics, Northwestern University Medical School; 
Attending Physician, Passavant Hospital, etc. With the collaboration 
of Arthur F. Abt, B.S., M.D., Associate in Pediatrics, Northwestern 
University Medical School; Adjunct Attending Pediatrician, Michael 
Reese Hospital, etc. Pp. 541; 74 illustrations. Chicago: . The Year 
Book Publishers, Inc., 1935. Price, $2.25. 

It is difficult to present a fair review of a volume which presents in such 
compact form a great variety of material. In general, one can say that the 
editor and his collaborator has covered the year’s output of pediatric litera- 
ture completely. They have made a good selection of material, abstracts 
of which convey enough information to satisfy the average reader. Some 
of the abstracts of more thought provoking papers will influence the indus- 
trious reader to seek the original articles. In the main, those papers which 
presented research work of an ultrascientific nature have been slighted 
and no attempt has been made to choose material from the literature of the 
fundamental sciences which might have later significance in pediatrics. 

However, the volume should be of great value to the busy practitioner 
who desires accurate, readable abstracts of the recent literature in this 
.field. E. T., Jr. 


Doctors and Juries. The Essentials of Medical Jurisprudence. By 
Humphreys Springstun of the Detroit Bar. Pp. 155. Philadelphia: 
P. Blakiston’s Son & Co., Inc., 1935. Price, S2.00. 

American books on legal medicine are sparse, and British law varies 
from ours considerably. Tliis small and inexpensive book, designed by a 
lawyer for doctors, lawyers and others wanting knowledge of the relations 
of law to medicine should fill a gap. The 18 brief chapters cover such 
topics as contracts, negligence, damages, burden of proof, testimony, 
insanity and so on. E. K. 


Klinik der Erkrankungen des Herzmuskels. X. Fortbildungs-Lehr- 
gang in Bad-Nauheim. 20-23 September, 1934. Herausgegeben von 
der Vereinigung der Bad-Nauheimer Arzte. Pp. 170; 63 illustrations. 
Leipzig: Theodor Steinkopff, 1934. Price, Rm. 70. 

Since 1920 these volumes have been presenting, almost annually, articles 
by leaders in their profession on various phases of heart disease. The 
prewous volumes have been on such general topics as Treatment of Cardiac 
Insufficiency, Modern Methods of Diagnosis, Hypertension, the Arrhyth- 
mias, Cardiac Neuroses — aU with considerable emphasis on treatment. 
The present volume treats of myocardial disease from the points of view 
of anatomj'^, electrocardiography, radiology, clinical pictures and treatment. 
Aschoff’s articles on myocardial disease not the result of vascular lesions 
and Hochrein’s on cardiac circulation and cardiac pain should prove of 
especial interest to many. E. K. 
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The 1934 Year Book of Obstetrics and Gynecology. Obstetrics. Edited 
by Joseph B. Db Lee, A.M., M.D., Professor of Obstetrics, TJni- 
versity of Chicago Medical School, etc. Gynecology. Edited by J. P. 
Geeenhill, B.S., M.D., F.A.C.S., Associate Professor of Gynecology, 
Loyola University Medical School; Professor of Gjmecology, Cook County 
Graduate School of Medicine. Pp. 717; 96 illustrations. Ciiicago; 
. The Year Book Publishers, Inc., 1935. Price, $2.50. 

■ Foe those who wish to keep abreast of the most important obstetrical 
and gynecological literature this edition offers a splendidly prepared digest 
of the subject in American and foreign jom-nals. 

The obstetrical division has been prepared by De Lee for the thirtieth 
time. His frequent conaments, terse, pungent, and at times caustically 
critical, add a piquantly personal sauce to many of the abstracts. 

Greenhill has carefully reviewed the gynecological literature. There is 
no chaff here, and again the comments serve to emphasize the worth of the 
original articles. 

The volume containing references to 652 articles and reproducing 96 
illustrations from the original texts forms an indispensable aid to both 
teacher and practitioner. P- W. 


Rats, Lice and History. Being a Study in Biography, Which After 
Twelve Preliminary Chapters Indispensable for the Preparation of the 
Lay Reader, Deals with the Life History of Typhus Fever. By Hans 
Zinsser. Pp. 301. Boston: Little, Brown & Co., 1935. Price, $2.75. 
It must be said at the beginning that the title of this book would read 
more properly, “Rats, Lice, History and Dr. Hans Zinsser.” It is, in 
effect, not the “biography” of typhus which it claims (ivith tongue in 
cheek) to be, but the apocalypse of an ebullient scientist whose mental and 
emotional horizon reaches far beyond the walls of his laboratory. Were 
there an index to the book, which most uiifortunately there is not, omitted 
supposedly as a beau geste to the layman for whom the book is primarily 
intended, it would be found to contain an array of names, pertinent and 
impertment (Aristotle— Stein, Gertrude), which would do credit to the 
oinniscient daily book-reviewer of the New York Times. The variety of 
grist required by Dr. Zinsser’s mill is, if we may be permitted a contempor- 
ary term of understatement, colossal. 

The book is, more or less frankly, a thoroughly successful exercise in the 
current vein of “popular science” writing, not unrelated to similar, and 
highly popular, works by certain of the author’s colleagues, works toward 
which he, unfortunately under the circumstances, permits himself a derisive 
gesture. As such, it has much indeed to offer the homo incognitus for whom 
R is intended. Its historical information on typhus is derived not only 
from the most eminent authorities (to whom credit is scrupulously given, 
and given, from a literary standpoint, with considerable adroitness), but 
in many cases from the author’s own recourse to original sources. The 
information, moreover, is frequently of poignant interest. And it is not 
likely that on the author’s oivn ground— the technical elucidation of the 
Qphus virus, its etiology, and habits— anyone will be tempted to question 
Dr. Zinsser’s right to speak with the voice of authority. f«.i 
The book is philosophically discursive in the grand manner of Sterne 
and Melville and others of the elect. Its greatest appeal will be to those 
lortunate enough to captm-e from its somewhat determined roguislmess 
the same mental stimulation and zest which undoubtedly went into the 
imtmg of it. They will unquestionably be many and not at all disturbed, 
riglitljf, by the remaining few who still deem it a hopeful s 3 Tnptom of matur- 
ity, generally speaking, to count ten. 'VV. McD., 2d. 
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Journal of Technical Methods and Bulletin of the International Association 
of Medical Museums, No. XIV. Edited by Maude E, Abbott, M.D., 
McGill University, Montreal. Editorial Board: William Boyd, 
Winnipeg, Man.; Victor C. Jacobsen and Kobeht A. Moore, New 
York City; Carl V. Weller, Ann Arbor. Pp. 134; 30 illustrations, 
k'lontreal: The Medical Museum, McGill University, 1935. Price, S2.00. 
(Reidew, p. S67.) 

Le Nodide de la Corde Vocale. By Jean Tarneaud, Oto-Rhino-Larjmgolo- 
giste de I’Hopital Bellan et du Conservatoire national de Musique de 
Paris. Pp. 139; 24 illustrations. Paris: Norbert Maloine, 1935. 
Price, 30 fr. 

Na7nes of Surgical Operations. Compiled and Arranged by the Western 
Surgical Association Through Its Special Committee. Edited by Carl 
E. Black, A.M., M.D., Jacksonville, 111. Pp. 102. St. Paul, Minn.: 
Bruce Publishing Company, 1935. Price, S3.00. 

“The work of the Coixmiittee of the Western Surgical Association in the prepa- 
ration of a standard nomenclature for surgical operations represents an enormous 
amount of painstaking labor and will prove of the greatest assistance to all hospital 
record librarians, as well as to the surgeons who are obliged to use hospital records 
for the collective study of clinical material. It is perhaps to be regretted that 
the identification of certain standard operations by the names of their originators 
must bo abandoned in favor of the anatomic term describing the procedure em- 
ployed, but the sentimental objection must give way to the practical point of 
accuracy." (From Dr. Greenough’s Foreword.) 

Das Extremitaten-, Thorax- und Parlial-Elektrokardiogramm des Menschen, 
Eine V ergleichende Studie. By Prof. Dr. Franz Maximilian Groedel, 
Direktor des William C. Kercklioff-Herzforschungs-Instituts zu Bad- 
Nauheim. Band 1: Text (358 pages; 334 illustrations); Band 2: Atlas 
with 200 plates. Leipzig: Theodor Steinkopff, 1934. Price, Rm. 25. 

Klinik der Erkrankungen des Ilerznmskels. X. Portbildungs-Lehrgang in 

Bad-Nauheim. 20.-23. September, 1934. U ■. ■ - nderVer- 

einigung der Bad-Nauheimer Arzte. Pp. . Leipzig: 

Theodor Steinkopff, 1934. Price, Rm. 70. (Review, p. 868.) 

Koronarinfarkt und Koronarinsuffizienz. In Vergleichender Elektrokardio- 
graphischer und Morphologischer Untersuchung. By Prof. Dr. Med. 
Franz Buchner, Vorstand des Pathologischen Instituts am Horst- 
Wessel-ICrankenhaus der Stadt Berlin, Prof. Dr. Med. Arthur Weber, 
Vorstand des Balneologischen Universitatsinstituts in Bad-Nauheim, 
and Dr. Med. Berthold Haager, Assistent am Balneologischen Uni- 
versitiitsinstitut in Bad-Nauheim. Pp. 104; 116 illustrations. Leipzig: 
Georg Thieme, 1935, Price, Rm. 15. 

A Sxiggestion for an Experimental Trial of Alum-treated Formalized Virus 
in the Active Local and General Immunization Against Poliomyelitis. 
By S. Peskind, B.S., M.D., Cleveland, Ohio. Pp. 11. Cleveland: 
Mount Printing Companj'-, 1935. (Price not given.) 

Doctors and Jxiries. The Essentials of Medical Jurisprudence. By 
Humphreys Springstun of the Detroit Bar. Pp. 155. Philadelphia; 
P. Blakiston’s Son & Co., 1935. Price, .82.00. (Review, p. 868.) 

A Textbook of Biochemistry. Edited by Benjamin Harrow, Ph.D., Asso- 
ciate Professor of Chemistr}’-, The (Jity College, College of the (Jity of 
New York, and Carl P. Sherwin, M.D., Sc.D., Dr.P.H., LL.D., Mem- 
ber of the Staff of St. Vincent’s and French Hospitals, New York, Pp. 
797; 52 illustrations. Philadelphia: W. B. Saunders Company, 1935. 
Price, S6.00. 
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Economic Problems of Medicine. By A. C- Christie, M.S., M.D., Profes- 
sor of Clinical Radiology, Georgetown University Medical School, etc. 
Pp. 242. New York: The Macmillan Company, 1935. Price, $2.00. 

Atlas Fundus Oculi. By William Holland Wilmeb, M.D., LL.D.„ 
Sc.D., Professor of Ophthalmology and Director of the Department of 
Ophthalmology of the Johns Hopkins University School of Medicine, 
Ophthalmologist-in-Chief to the Jolms Hopkins Hospital, etc. _ Intro- 
duction by Warfield T.Longcoi>b,_M.D., Professor of Medicine and 
Director of the Department of Medicine of the Jolms Hopkins School 
of- Medicine. Pp. 100; 100 colored plates. New York: The Mac- 
millan Company, 1934. Price, S35.00. (Review, p, 862.) 

The Harvey Lectures, Series 29. Delivered under the auspices of The 
Harvey Society of New York, 1933-1934. Under the patronage of the 
New York Academy of Medicine. By Drs. R. E. Dyer, W . M. Clark, 
R. G. Harrison, E. A. Doisy, E. A. Graham, G. L. Streeter, T. M. 
Rivers and D. W. Bronk. Pp. 262; illustrated. Baltimore: The 
Williams & Wilkins Company, 1935. Price, 84.00. 

Failure of the Circulation. By Tinsley Randolph^ Harrison, M.D_.- 
Assoeiate Professor of Medicine, Vanderbilt University School of _Medi, 
cine, Nashville, Tenn. Pp. 396 ; 60 illustrations and 22 tables. Baltimore : 
The Williams & Wilkins Company, 1935. Price, $4.50. 

Deidsche Volksmedizin. Wissenschaftliche HeiUcunde und Kultur. By 
Paul Diepgen, 0. Prop. Dr. Med. et Phil., Berlin Pp. 136; 7 
illustrations. Stuttgart: Ferdinand Enke, 1935. Price, Geh. Rm. 6.-; 
Leinen geb., Rm. 7.40. 

The Kidney in Health and Disease. Edited by Hilding Berglund, M.D., 
Stockliolm, Sweden, formerly Chief of the Department of Medicine at 
the University of Minnesota, and Grace Medes, Ph.D., Research Bio- 
chemist in the Lankenau Hospital Research Institute, Philadelphia. 
With the collaboration of G. Carl Huber, M.D., Professor of Anatomy 
and Director of Anatomical Laboratories and Dean of the Graduate 
School of the University of Michigan, IVarfield T. Longcope, M.D., 
Professor of Medicine in the Johns Hopkins University, Baltimore, 
and Alfred N. Richards, Ph.D., M.D., Professor of Pharmacology in 
the University of Pennsylvania, Philadelphia. Pp. 754; 163 illustra- 
tions. Philadelphia: ■ Lea & Febiger, 1935. Price, $10.00. 


NEW EDITIONS. 

Diseases of the Heart. By John Cowan, B.A., M.D., D.Sc., F.R.F.P.S., 
sometime Professor of Medicine, Anderson College of Medicine, and 
Consulting Physician, Royal Infirmary, Glasgow, and W. T. Ritchie, 
O.B.E., M.D., F.R.C.P.E., F.R.S.E., Professor of Medicine and of 
Clinical Medicine, Edinburgh University, and Physician to the Royal 
Infirmary and Director of the Medical Unit of the Municipal Hospitals, 
Edinburgh. With a chapter on The Ocular Manifestations of Arterial 
Disease by Arthur J. Ballantyne, M.D., F.R.F.P.S., Lecturer on 
Ophthalmology, University of Glasgow, and Surgeon, Eye Infirmary, etc. 
Pp. 631; 335 illustrations, some in colors. Third edition. Baltimore: 
Wilham Wood & Co., 1935. Price, .$9.00. 

Almost entirely rewritten to keep up with the many recent advances, this 
book presents tersely the individual views of two foremost authorities in a country 
that has been a leading contributor to the subject. The authors do not accept 
the newer terminology for extrasystoles and bundle-branch block. 
liemit Advances in Endocrinology. By A. T. Cameron, M.A., D.Sc. 
(Edin.),_F.I.C., F.R.S.C., Professor, of Biochemistry, Faculty of Medi- 
cine, University of Manitoba, and Biochemist, Winnipeg General Hospi- 
' m'i JP- 406; 55 illustrations, including 2 plates. Second edition, 
ihiladelplua: P. Blakiston’s Son & Co., Inc., 1935. Price, S5.00. 
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DEPRESSIVE REACTIONS IN GENERAL PRACTICE. 

Next to tlie psychoneuroses there is probably no other mental dis- 
order met so frequently in the general practice of medicine as the depres- 
sive reactions, described by Meyer^ as “biologically widespread reac- 
tions of great indi\dduai and social importance, recognizable largely 
as preoccupations and fixations of the pm’e affects of sadness and anxiety 
dependent upon various experiences as bereavement and losses vdtli 
active or passive suffering.” Comprised in this group is that large number 
•of individuals who come to the physician -ndtli somatic complaints of 
one Idnd or another — head sensations, stomach upsets, pains, aches, 
constipation, tired feeling, poor sleep and appetite. The physical 
examination shows appreciably little to account for the sweeping nature 
of the complaint while diet, teeth extractions, rest cures, and fishing 
trips fail to solve the problem. 

At tliis point the conscientiously curious physician vdll investigate 
further and will learn that the illness had a definite beginning, was pre- 
cipitated b}^ clear cut situational factors usually in line with personal 
disappointments or losses to which the patient had responded witli 
worry, anxiety, and concern. The physician vdll be informed tliat 
blueness and sadness best characterize tlie patient’s feelings; tliat, 
because of inappetence, he has lost weight, that he is constipated, and 
that his sex drive is less keen. He may add tliat generally his spirits 
improve as the day wears on, tliough in tlie morning “life seems unbear- 
able” and that his concentration and memory are “shot.” The fre- 
quency ivitli which such a patient finds his way to the general practi- 
tioner is demonstrated bj"- the report of liaison psychiatry at tlie Colorado 
General HospitaP where, of 245 cases seen in tlie 7 montlis’ period, 16.3% 
were depressions or showed depressive features of primary importance. 

Definitely differentiating depressive reactions from the psycho- 
neuroses, or part reactions, is tlieir sweeping character, their biological 
components — sleep disturbance, loss of weight, constipation, poor 
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appetite, decreased libido— that point to more serious and widespread 
involvement of the personality. It is these factors of a biologic nature, 
associated with suicidal preoccupation so commonly a part of the depres- 
sive reactions which call for the most careful consideration by the physi- 
cian who encounters them. 

Though opposed to the tendency of nosological pigeon-holeing, we 
favor Harrowes’® classification of the depressive reactions for the merit 
it holds in the direction of evaluating etiology and prognosis. He points 
out six depressive patterns, namely: (a) reactive, (b) autogenous, (c) 
recurrent, (d) psychoneurotic, (c) depression with aversion features, 
and (/) involutional types. 

In the reactive group, cases are precipitated by difficulties in the life 
situation. Symptoms beside the formal depression are lack of concen- 
tration, loss of interest, insomnia, loss of thought capacity, heightened 
sense of effort, forgetfulness and headaches. Self-accusation and 
suicidal preoccupations are not prominent. Etiologic factors are catas- 
trophic or accumulative. With tlie latter, the illness is more protracted. 
Of the personality features, tliere is unimaginativeness and rigidity. 
Retardation is not marked and insight is variable. 

In the group of autogenous depressions, there is no reactivity beyond 
the initial precipitation. Feelings of remorse and guilt are more marked 
there is more distortion, retardation, and rut formation, and the affect 
is not influenced by general factors in the environment or in therapeutic 
attempts. Suicidal preoccupations are frequent. 

The recurrent depressions reveal a history of previous attacks of 
severity increasing with age. Here, the personality make-up is more 
definitely depressive in character and agitation and hypochondriasis 
tends to be more prominent. They are differentiated from recurrent 
reactive depressions by their more insidious onset and agitation. 

‘Psychoneurotic depressions are chiefly characterized by a prodromal 
picture of a psychoneurosis, run along course, and are found difficult 
to modify. 

The depressions with aversion, as the term signifies, demonstrate 
peevishness, occasional paranoid trends in which the patients blame 
the environment as a handicapping agent, are antagonistic to any thera- 
peutic approach, possess a definite restriction of utilizable interests 
and inadequate emotional response. 

Harrowes’ final group, the involutional types, tend to much greater 
rut formation, entertain schizophrenic-like hypochondriacal delusions, 
express nihilistic ideas, occur often in presenile women, and are not 
infrequently terminated by impulsive suicidal acts. 

Psychiatric writers have long pointed out the frequency of hereditary 
taint in tlie background of individuals suffering from manic-depressive 
disorders. It has been left, however, to a certain group of writers to 
investigate this point from a point of Auew of genetic laws and order. 
Pollock, Malzberg and Fuller,^ in an article concerned with the heredi- 
tary features involved in manic-depressive psychoses, pointed out 
their belief that the frequency of mental disease among siblings of the 
patients witli manic-depressive psychoses is consistent Avith a mode 
of inheritance based upon the supposed existence of Mendelian unit 
characters. These works showed conclusively, by careful case studies 
that the frequency of mental disorders among the siblings, especially 
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of manic-depressive ps^'^clioses, is significantly in excess of the total 
expected, in populations selected at random. This was especially true 
in connection with tlie siblings of female probands with manic-depres- 
sive psychoses. They conclude that there is a familial basis for tlie 
development of mental disorders in many cases though the underlying 
laws of their manner of transmission are not yet understood. 

Calling to the attention of the practitioner a particular type of 
depression frequently masked by the predominance of somatic com- 
plaints, is Muncie’s article, “Depression witli Tension.”® This group 
of patients are seen with complaints frequently expressed as the follow- 
ing: “My nerves feel like rubber bands— all a-quiver,” “The skin 
feels stretched over my forehead,” “It seems as tliough there are bubbles 
and needles in mj'- muscles,” “ I have the sensations of worms crawling 
over my skin.” Or again, the complaints may be of shooting pains, 
numbness, trembling, burning, weakness, and quivering in the stomach. 
In addition to these more obvious phj''sical complaints there are those 
common to all depressed patients — insomnia, anorexia, and loss of 
weight. Despite the rather subordinate statements of mood given by 
these patients, tliey are invariably observed as sad, brooding, or dis- 
interested, and it is a subordination of mood to the somatic complaints 
which frequently leads to a wrong diagnosis. Careful investigation 
procedure revealed the fact tliat tliis illness is strongly reactive. In 
tlie author’s survey of cases, he found that about one-half tlie group 
were reactive to sexual difficulties, the others reactive to work dissatis- 
faction — perhaps promotion, demotion, or the feelings that the respon- 
sibilities enforced upon the individual exceeded his capacity to handle 
them. In this group of depressions, the autlior found that tlie situations 
ivhich lay at the bottom of the problem were still open issues and held 
possible disaster for the future. In this respect tlie tension depression 
differs from tlie retarded depression in that, in the latter, tlie patient 
shows his concern over past events and closed issues. The physiologic 
expression of tension in these cases is demonstrated by tachycardia, 
labile pulse, abnormal curve of dextrose tolerance, abnormal findings 
of gastric secretion, either hypo- or liyper-chlorhydria, exophthalmos, 
tremors, sweating, flushing, diarrhea, seminal emissions, or an increased 
sex desire. The evidences of depression are expressed in tlie mood which 
is characterized by the patient as “melancholy,” “blue,” “blessing 
if I were to die,” “ I have given up fighting,” “ I feel a moral weakling,” 
and, objectively, in tlie appearance of tlie indiiddual an obvious morning 
evening i-ariation of mood. The physiologic evidences are again present 
but perhaps less classical than in other types of depressions. The appe- 
tite is usually good, tlie weight may vary, and there is constipation 
in about two-thirds of the cases. The sleep demonstrates all manner 
of I'ariation, though earlj^ morning waking is found more frequently' 
than any other type, and irregularities of the sex rhytlim may be 
manifest. 

The usual personality background of the tension depression is that 
of one who is superficially well adjusted, who is accustomed to getting 
his own way, who is rigid, tenacious, aggressive, and dependent upon 
his en%dronment. These people usually take responsibilities very ser-i 
iously, and, as a rule, are very successful in their undertakings. Hypo- 
chondriacal trends usually- are not a part of the prepsychotic make-up. 
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Emancipation problems loom prominently in tliese individuals. The 
treatment outlined by the author consists essentially of prolonged 
hospitalization and the obligation of tlie family to assume all responsi- 
bility for the suicidal risk should the patient- leave the hospital^ prema- 
turely. He found that loose, cold, wet packs decreased tension and 
induced sleep and that, furtlier, the tension could be minimized by 
small broken doses of barbital, 2^ grains, q.i.d. Belladonna and alkalis 
were administered in vagotonic gastric intestinal symptoms. He 
pointed out that the most reliable indications of progress were to be 
found in paying close attention to the sleep chart, weight graph, and 
behavior manifestations. Needless to say, a careful, thorough, critical 
appraisal of the personality was undertaken when the patient was 
capable of carrying on such an analysis. 

Michael® defines affect as an awareness of the changes in the body 
from the impact of enwonment, or the product of changes in biologic 
equilibrium from within. The therapeutic approach in affective dis- 
orders must follow along lines of causation, somatogenesis, and psycho- 
genesis. Psychotherapy is not limited to psychologic technique but 
includes all those methods that may be employed in the management 
of an individual case. Attempts should be made, first, to determine 
the patient’s inherent endowments and constitutional make-up. The 
therapist must have a reasonable impression of tlie family setting, tlie 
emotional and intellectual development and the social and economic 
situations. Investigation of the bodily systems is an important con- 
sideration. After the therapist has insight into the situations that may 
be present, or of the disturbing experiences of earlier life that lie at the 
basis of the patient’s reaction, he will decide on the particular method 
of psychotherapy. He first gives attention to the organic factors and 
then considers the following: persuasion, suggestion, psychologic 
reeducation, or personality analysis. The last three methods are most 
desirable. 

The social consideration of this important clinical problem is . well 
brought out in a study of 100 cases of suicide made by Fairbank’^ at 
Hopkins. Of the 100 cases selected for the survey, 47 were women and 
53 men. Seventy-three of them presented “outspoken depression,” 
and 17 of the 24 paranoid and schizophrenic cases showed at least 
“depressive waves.” In the experience of the writer, tlie motivating 
factor seenied to be a desire to escape from the mental suffering, from 
fears or trying environmental situations and disappointments. In more 
than one-half the cases, the words “hopelessness” and “despair” were 
encountered. Also, a frequent occurrence was the conviction by the 
patient that he was “ losing his mind ” or “ going crazy.” Spite appeared 
to be the motive in a few cases while escape from delusional persecution 
was also found. Two of the group committed suicide to avoid actual 
situations they could not face. 

The writer pointed out as warning signals of suicide the following 
utterances of patients; “I am an empty shell,” “I am guilty,” “I am 
going crazy,” “There is no hope for me,” and “It is no use going on.” 
The personality characteristics commonly encountered in this group 
were rigidity, stubbornness, and lack of plasticity. ■ As other writers 
have shown in tlie history, depression or other instability was frequently 
found in collaterals. The methods utilized in suicidal attempts, inter- 
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remote. On our neurosurgical service we have recently had a brain 
abscess following a peritonsillar abscess and another follo-\ving a maxil- 
lary sinus infection without an osteomyelitis. It is, therefore, very 
timely that Julius Berendes^ reports a frontal lobe abscess following an 
abscess of tlie septum. This was proven by autopsy. He rightfully 
states that much has been written about front lobe abscess as a com- 
plication of sinus disease, but that in the German literature of the 
past 12 years no such case as this has been reported. There has been 
much vuitfen about meningitis as a frequent complication of a septal 
abscess, but none of brain abscess. His case was in a boy, aged 14 years. 
The abscess was drained. However, on the 19th day the boy developed 
meningeal signs and unconsciousness. The frontal sinuses were opened 
and found to be clear. Furtlier operation was refused. Postmortem 
examination revealed a left frontal lobe abscess, and it was believed 
that the infection entered the brain by tlie anterior and posterior eth- 
moid vessels. 

The practice of medicine includes dentistry, and dentistry is a special 
branch of medicine. To secure efficient cooperation between tlie two, 
the dentist should first have a reasonable medical background, and 
secondly tlie physician should know sufficient dentistry to understand 
dental points of view and values. The dentist must recognize the fact 
that any departure from the normal in the mouth may be the cause, 
the effect or the symptom of organic disease in other parts of the body. 
For example, pallor of the skin or mucous membrane should suggest 
an anemia; edema of tlie eyelids, a nephritis; enlargement of the thyroid 
or exophthalmos suggest thyroid investigation; diseased tonsils and 
adenoids may require attention; an acetone breath should suggest 
diabetes. Oral syphilis, neoplasms and leukoplakia are frequently 
seen. The physician should detect the presence of caries, periodonto- 
clasia, malocclusion, poor dental hygiene, fistulas and Vincent’s infec- 
tion. The cooperation of the dentist and the obstetrieian in the 
care of the teeth in the expectant mother is most important. The 
pediatrician should also know of the harmful habits of thumb sucking, 
tongue biting, lip interposition and mouth breathing, and of their 
effect on distorting perfect arches. 

The prevention of disease is the cheapest and yet the best service 
that we can give the public, and for that reason should occupy the 
most important place in dental and medical education and practice. 
Next to prevention, tlie early recognition of disease is the greatest 
necessity and of the highest service to the public.^ 

A cholesteatoma has been defined by Kopetsky® as a globular growth 
surrounded by a thin shell of epidermis and connective tissue, called 
the matrix, and composed of accumulated, stratified, horny, desqua- 
mated epithelium, devoid of nuclei. Between its lamellm are found 
cholesterin crystals in a greater or lesser quantity. 

Wittmaek'^ explains the formation of cholesteatoma as an attempt 
by Nature at repair by the growth of the squamous epithelium of the 
external auditory canal into the middle ear to replace the degenerating 
mucous membrane. In 1879, Mikulicz,® a pathologist, was the first 
to suggest that cholesteatomatous tumors could arise from an embryonal 
rest of epidermis. The occurrence of a cholesteatoma in the temporal 
bone became comprehensible under this tlreory, since the pinching off 
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of an epidermal “ anlage ” in tlie embryonal sutures is a possible occur- 
rence during the development of tlie middle ear. 

Today we recognize botb primary and secondary types of cholesteato- 
mata of tlie temporal bone, arising from a transplantation of foreign 
tissues and tlieir growtli, tlie primary being congenital, and tlie secon- 
dary being “postfetal.” Anatomically tliey present tbe same picture. 
A secondary cliolesteatoma may be identified when there has been a 
histoiy of earlier or present middle-ear disease. 

Daj^ has stated tliat whether the cholesteatoma is primary, arising 
from an invagination, poucliing and ruptm-ing of Schrapnell’s membrane 
folloii’ing the formation of adhesions, walling off the attic, or from tlie 
middle ear in an infantile otitis of tlie catarrhal tj^pe, or is secondary 
to a suppurative otitis intli an ingrowtli of tlie epidermis of tlie external 
canal through a marginal perforation into tlie middle ear and attic, its 
development is tlie same, tliough tlie suppuration is a result of the 
former and tlie cause of the latter. 

The cases diagnosed as primary cholesteatoma of tlie temporal bone 
after critical observation are rare and seem to show a predilection to 
develop in the region of tlie junction of tlie temporal, parietal and 
occipital bones. Recently Beck® has reported such a case and has 
added some interesting remarks about tlie “art und weise” of the 
operation performed. 

The patient was a girl, aged 20 years, who had had some right-sided 
deafness for 6 montlis. Then the development of a facial paralysis 
sent her to a doctor. At this time tlie right ear drum looked normal, 
but there was some deafness. Upon her first examination tlie vestibular 
responses were present, but 4 years later upon examination tliey had 
disappeared. At tliis time the patient tended to lean to tlie right on 
walking. Roentgen ray showed a large pneumatic mastoid. A Roent- 
gen ray of the petrous tips by Stenver’s technique showed a tumor mass, 

2 cm. by 1 cm., just under tlie upper border of tlie p\Tamid. 

At operation tlie dura of tlie middle fossa was widely exposed tlirough 
tlie tegmen approach, and by carefully lifting up the dura a cholestea- 
tomatous mass removed, along ivith as much “matrix” as possible. 
The patient had a slightly stormy convalescence at first, a positive 
Kernig and Babinski and a cloudy spinal fluid. In 3 weeks she was out 
of bed and was discharged at the end of 5 weeks. Electrical treatments 
were given to the face and the facial iveakness was not noticeable after 

3 months’ time. The deafness and caloric reactions remained un- 
changed. The author stated tliat should tliere be a recurrence froni 
leaving behind some of tlie matrix he would sacrifice the labjTinth to 
avoid a recm-rence of tlie facial paralysis. Calcination of ,the matrix 
has been observed and Linck has written of findings giUng e.xpression 
to former reports of cell degeneration in tlie epitlielium of the matrix. 

In an analysis of 230 patients isfitli carcinoma of tlie tonsil by Scliall,' 
its frequency was found to be 1 in every 106 cancer patients. There 
appears to be no eUdence of increase since 1918. The patient’s nation- 
ality and occupation did hot seem to be factors. The male sex con- 
tributed SS.7% of tlie cases. The age group is that of past middle life. 
The greatest incidence is found in the group between 60 and 65 years. 
Only 18 patients gave a family liistory of carcinoma. There were 
42 patients who were non-users of tobacco. In only 48 cases was the 
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disease limited to the tonsil. In 104 patients the first symptom was 
pain. The majority of these patients endured their symptoms from 
3 to 6 months before consulting a physician. Glandular enlargement 
occurs fairly early. Cancer of the tonsil was first treated surgically, 
later by electrosurgery, diathermy or electrocoagulation, and now by 
the combined use of radium and high-voltage Roentgen ray therapy. 
In 118 cases in which this treatment was given, 43 cases had no relief, 
47 recurred under 1 year; 2 in 1 to 2 years; 2 in 2 to 5 years; and 1 case 
recurred after 5 years. Of the 23 cases who had no recurrence (18.4%), 
5 had died a non-cancerous death. 

A new surgical approach to the base of the tongue and lower pole 
of the tonsil for neoplasm has recently been devised by Dr. D. Mac- 
pherson and his associate, Dr. A. Newlands. The operation is done in 
two stages, the first stage being a tying off of the external carotid artery. 
A cutting diathermy current is used and completely controls bleeding. 
Several modifications of this operation are also described. 

The Shintz and Coutard schools in Europe do not entirely accept 
the Broder classification of malignancies. They are endeavoring to 
identify neoplasms in more detail as to their radiosensitivity and radio- 
resistance. Berven, of Stoclcliolm, reports good results with the use 
of a 3-gram radium pack. However, the results published by Schall 
compare favorably with those of Berven and Coutard. Clinically, the 
results of treatment are encouraging even though a ^‘cure” may not 
always be obtained. W. V. Mullin and 

W. L. Deeton. 
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The Plexus Omentalis and Its Relation to Capillary Innervation in 
the Omentum of Rabbits, With Special Reference to the Unmyogenic 
Character of Rouget Cells. Nicholas A. Michels (Daniel Baugh 
Institute of Anatomy, Jefferson Medical College). By projecting the 
capillary bed from whole mount preparations of the omentum of 
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rabbits, tlien draw'ng capillary nerves in 325 contiguous oil-immersion 
fields, a new anatomic support has been found for the physiologic 
concept of capillary innervation. A nerve plexus was revealed (plexus 
omentalis) tlie meshes of Avhich are considerably wider than those of 
the capillary plexus itself. It consists of numerous non-medullated 
nerve fibers which pertain to the category of plasmodial nerve strands 
(Remak fibers), now regarded as the ultimate terminations of the 
autonomic system. The 1-micron wide Schwannian nucleated capillary 
nerves run parallel, cross over, under, accompany, and often become 
lost in the capillary wall. Since many capillaries have no nerves, and 
since terminal knob-like endings on endothelium were never found (no 
one has ever seen them with certainty on capillaries), it is concluded 
that capillary innervation is effected as a physiologic unit, the nervous 
syncytium functioning at contact points with self-contracting endothe- 
lium. In fixed and vitally stained preparations there was no evidence 
of the muscular character or innervation of Rouget cells. Pericapillarj'^ 
oblong cells prevailingly represent pericytes; a goodly quota have been 
mistaken for nucleated segments of capillary Remak fibers. A study 
of living capillaries in the web of the frog under normal and' experi- 
mental conditions confirmed the contractile power of endothelium and 
the non-myogenic character of Rouget cells. 


Effect of Dorsal Root Stimulation on the Properties of the Muscles 
of Bloodvessels. Emil Bozler (Johnson Foundation, University of 
Pennsylvania). A study was made of the changes in the properties 
of smooth muscle under the influence of stimulation of inhibitory 
nerves. A frog hindleg was perfused. The contractions of the muscles 
of the arterial system were measured by recording the flow, using a 
sensitive floAvmeter. It was found that dorsal root stimulation sup- 
presses the effect of sympathetic stimulation completely if the stimuli 
follow one another at long intervals. If they are applied at a high 
frequency the response is not appreciably influenced by simultaneous 
dorsal root stimulation. The results can be quantitatively interpreted 
on die basis of the chemical intermediators. The inhibition seems to 
be due to an immediate antagonism of the two intermediators produced 
by stimulation of the sympathetic and the vasodilators without any 
effect on the contractile mechanism as such. It is, furthermore, found 
that dorsal root stimulation greatly accelerates the relaxation. From 
stretching experiments it is concluded that the rate of relaxation is 
essentially determined by the \’iscous properties. The experiments 
give e\'idence that dorsal root stimulation decreases the viscosity of 
tlie muscles of the arteries. 


The Absorption of Glucose and Galactose From the Dog’s Intestine. 
F. A. Cajori and Walter G. Karr (Laboratory of Physiological 
Chemistry, University of Pennsylvania). The rates of absorption of 
glucose and galactose from Thiry loops of the jejunum of dogs have, 
been studied. When solutions containing both these sugars were 
inserted into the loop, glucose was absorbed more rapidly than galac- 
tose, die total carbohydrate absorption being about die same as when 
the sugars were given separately. However, no difference was found 
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in tlie rate of absorption of glucose and galactose when administered 
separately. 

There was no indication that in the presence of phosphates the rate 
of glucose, galactose or fructose absorption was increased. These 
results, which are contrary to those reported by Magee and Eeid,^ 
are of interest when considering the hypothesis that the mechanism 
of sugar absorption involves phosphorus compounds. The rate of 
sugar absorption was not changed in tlie presence of sulphate or chlorid. 

One-half to one hour following the administration of isotonic solutions, 
the osmolar concentration of the loop contents remained close to the 
accepted value for dog’s blood. Water was not alasorbed as rapidly 
as sugar, the absorbed sugar being replaced by chlorid. When the 
solutions introduced into the intestinal loop had an osmotic pressure 
twice that of the blood, an hour’s time was hardly sufficient for the 
attainment of osmotic equilibrium. Analysis showed, however, that 
chlorid had entered tiae hypertonic solution. 

Glycogen was isolated from dog’s liver after a period of galactose 
feeding and compared with dog’s liver glycogen isolated after glucose 
feeding. The two glycogens were hydrolyzed at the same rate with 
H2SO4, salivary amylase and taka-diastase. They exhibited the same 
specific rotation before and after hydrolysis. It was concluded that 
tliey were identical chemically. 

1. A Study of the Gall-bladder Bile in Pregnancy at Term. 2. A 
Study of the Gall-bladder Bile in Calculous and Non-calculous Chole- 
cystitis. 3. A Study of White Bile. C. Riegel, I. S. Ravdin, C. G. 
Johnston and P. J. Moreison (Laboratory of Research Surgery, 
University of Pennsylvania). Data on the composition of bile from ^ 
the human gall bladder in the following conditions were given: (1) In 
pregnancy at term; (2) in non-calculous and calculous cholecystitis; 
and (3) in hydrops. 

The mean calcium concentrations in all five groups were below normal, 
the average values being for the pregnancy group (A) 15 mEq./L.;^ 
for the non-calculous cholecystitis group (B), 16 mEq./L.; for the 
calculous cholecystitis group in which the gall bladder was visualized 
after sodium tetraiodophenolphthalein(C),15m Eq./L.; for the calculous 
group in which the gall bladder was not visualized after dye adminis- 
tration (D), 10 mEq./L.; and in the hydrops group (E), 10 m Eb./L. ' 

The mean chlorid concentrations were above normal in all five groups 
and the concentration increased with increasing disturbances of biliary 
tract function. The average values were for (A) 46, for (B) 57, for (C) 

61, for (D) 102 and for (E) 113 mEq./L. 

The mean bile salt concentration’s were lower than normal in all 
five groups. The highest values were found in- the pregnancy and non- 
calculous groups, while in hydrops bile salts were absent. Mean values 
were for (A) 2653, for (B) 2813, for (C) 1560, for (D) 607 and for 
(E) 0 mg. per 100 cc. 

The mean cholesterol concentrations were higher than normal in the 
first three groups; (A) 376 mg., (B) 383 and (C) 487 mg. per 100 cc.; 
m (D) cholesterol dropped to 133 and in (E) to 14 mg. per 100 cc. 

' Magee, H. E., and Reid, E.; J. Physiol., 73, 163, 1932. 

‘ m Eq./L, = milliequivalents per liter. 
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These five groups illustrate progressive stages in the development 
of a damaged gall bladder and tlie production of gall stones, the preg- 
nancy and non-calculous groups being tlie most nearly normal, while 
the “white bile” group shows tlie greatest variation from the normal. 
The condition of lowered calcium and increased chlorid concentration 
is indicative of damage to the gall-bladder wall. The high cholesterol 
values in groups (A) and (B) probably indicate tliat a bile abnormally 
high in cholesterol is being excreted into the gall bladder from the liver, 
since there were no indications at operation of an inflammatory lesion 
of the gall-bladder. The low bile salt concentration may be due to a 
reduced amount of bile salt in the hepatic bile or to a more rapid 
absorption of bile salt in the gall bladder. It would appear from the 
summary of data given here that an increase in cholesterol concentra- 
tion or a decrease in bile salt, or both, may be the initial factor in stone 
formation. That these factors alone are not sufficient,' however, is 
e\'ident from the absence of stones in the cases of the non-calculous and 
pregnancy groups, although in many instances in these two groups 
there was e^^dence of botli an abnormal hepatic bile and a damaged 
gall-bladder wall. 
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